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STANFORD LINEAR ELECTRON ACCELERATOR 


TUESDAY, JULY 14, 1959 


CoNGREsSs OF THE UNITED SrarTEs, 
SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT, 
AND THE SUBCOMMITTEE ON LEGISLATION, 
Joint CoMMITrEeE ON ATOMIC ENeErey, 
Washington, D.C. 

The subcommittees met at 10 a.m., pursuant to notice, in room P-63, 
the Capitol, Hon. Melvin Price presiding. 

Present: Representatives Price, Aspinall, Van Zandt, Bates, and 
Westland; Senators Anderson, Jackson, Dworshak, and Bennett. 

Also present: James T. Ramey, executive director; David R. Toll, 
staff counsel; George E. Brown, Jr., professional staff member; and 
Edward J. Bauser, technical adviser, Joint Committee on Atomic 
Energy. 

Representative Price. The committee will be in order. 

This is the first of 2 days of public hearings by the Joint Committee 
on Atomic Energy on the proposed 2-mile Stanford linear accelerator. 
The hearings are > being scheduled jointly by the Research and Develop- 
ment Subcommittee, and the Subcommittee on Legislation. 

On May 27 of this year, the AEC requested an authorization of $105 
million for the proposed Stanford accelerator, which is to be 10,000 
feet long, and have an initial energy of 10 to 15 billion electron volts. 

The accelerator would be constructed on the grounds of the Stanford 
University at Palo Alto, Calif. 

Bills have been introduced in the House and Senate to provide 
authorization for this project. During the morning session today we 
will have testimony from Chairman McCone, Commissioner Floberg, 
Dr. John Williams of the AEC Research Division, and Dr. Leland 
Haworth, Director of Brookhaven National Laboratory. The testi- 
mony will cover the technical background and financial aspects of the 
proposed accelerator. 

This afternoon the committee will receive presentations from repre- 
sentatives of Stanford University, including Dr. Ginzton, Director 
of the project, and Dr. Brobeck, of Brobeck Associates, who were 
commissioned by the AEC to make a cost review of the Stanford 
proposal in 1958. 

We will also have two brief statements during the course of the day 
from C ongressman Younger and Congressman Gubser, of California, 
regarding the project. 

Congr essman Younger is present now; we will permit him to make 
his statement at the start of the hearing. If he is not here, well take 
him whenever he appears. 

Tomorrow morning the committee will receive the views from ex- 
perts not directly connected with the Stanford project, including Dr. 


1 
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Smyth of Princeton, Dr. Rollefson of me Midwestern Universities 
Research Association, and Dr. Ramsey, or Harvard-MIT electron 
accelerator project. 

Before we proceed with our first witness, I would like to place in the 
record at this point, the press release announcing these hearings, the 
bill S. 2073, a letter from AEC Chairman McCone, dated May 13, 
1959, announcing the President’s decision, a letter from Chairman 
McCone, transmitting the proposed bill, analysis of the bill and the 
construction project data sheet. Also’ following is a letter dated 
July 8, 1959, to the AEC, requesting the presentation of certain infor- 
mation at this hearing. 


PRESs RELEASE NO, 233, JULY 9, 1959 
From the Office of the Joint Committee on Atomic Energy 


Public hearings on the proposed $105 million Stanford linear electron accel- 
erator are scheduled to be held by the Joint Committee on Atomic Energy, July 
14 and 15, it was announced today by Senator Clinton P. Anderson, committee 
chairman. The hearings will be conducted jointly by the Research and Devel- 
opment Subcommittee and Subcommittee on Legislation. 

The proposed accelerator, which is to be 10,000 feet long and have an initial 
energy of 10-15 billion electron volts, would be constructed in a tunnel on the 
grounds of Stanford University in Palo Alto, Calif., and would take about 6 
years to construct. A request for authorization of the project was submitted to 
the Joint Committee by the Atomic Energy Commission on May 27, following a 
review by a special Presidential advisory panel. 

Chairman McCone, of the AEC, is scheduled to make the initial presentation 
on July 14, starting at 10 a.m. He will be followed by Dr. John Williams, direc- 
tor of the AEC Research Division, and Dr. Lee Haworth, director of Brookhaven 
National Laboratory and member of the President’s advisory panel. 

In the afternoon session, beginning at 2 p.m., representatives of Stanford 
University will testify, including Dr. Edward Ginzton, director of the Stanford 
Microwave Laboratory. They will be followed by William M. Brobeck, whose 
firm, Brobeck Associates, was commissioned by the AEC to make a cost review 
of the Stanford proposal in 1958. 

The hearing will continue the morning of July 15, beginning at 10 a.m., at 
which time experts not directly connected with the Stanford project will present 
their views. Witnesses will include Dr. Henry DeWolf Smyth, chairman of 
board of scientific and engineering research, Princeton University ; Dr. R. Rollef- 
son, president of the Midwestern Universities Research Association (MURA); 
and Dr. N. F. Ramsey of the Harvard-MIT electron accelerator project. 


{S. 2073, 86th Cong., 1st sess.] 


A BILL To authorize appropriations for the Atomic Energy Commission in accordance 
with section 261 of the Atomic Energy Act of 1954, as amended, and for other purposes 


Be it enacted by the Senate and House of Representatives of the United States 
of America in Congress assembled, That there is hereby authorized to be appro 
priated to the Atomic Energy Commission the sum of $105,000,000 for the con- 
struction of a linear electron accelerator, together with necessary buildings and 
appurtenances thereto. 

Sec. 2. The Atomic Energy Commission is authorized to start the project pro 
vided for in section 1 hereof only if the currently estimated cost of that project 
does not exceed by more than 25 per centum the estimated cost set forth for 
that project. 


U.S. AToMic ENERGY COMMISSION, 
Washington, D.C., May 13, 1959. 
DEAR SENATOR ANDERSON: As you know, the executive branch has undertaken 
a review of the Federal support of high energy accelerator physics. This study 
has been carried out by the President’s Science Advisory Committee, the Com- 
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mission’s General Advisory Committee, the Atomic Energy Commission, the 
National Science Foundation, and the Department of Defense. It has been co- 
ordinated by the President’s Science Adviser, Dr. Killian. Matters of manage- 
ment and the question of the distribution of Federal Government responsibili- 
ties in this field have been considered by the Bureau of the Budget. 

The need to review the high energy accelerator program at the national level 
stems from the high cost of construction of high energy aé¢celerators, necessi- 
tating Federal support. The problem has been studied periodically by a special 
NSF panel. Their most recent report is enclosed (attachment 1). 

Following the latest report of the NSF panel, Dr. Killian convened a special 
panel of the President's Science Advisory Committee and the Commission's 
General Advisory Committee. The report of this panel, which is to be issued 
by the White House as a public document, was sent to you on May 11 and is 
attached herewith (attachment 2). 

Following the report of the panel, there has been recommended to the Presi- 
dent, and he has now concurred in moving forward with the construction of a 
high energy electron accelerator to be constructed at Stanford University. It 
is our understanding that the President will make a public announcement of this 
fact in an address he will give on Thursday, May 14. The Commission in the 
meantime is moving forward to prepare the necessary request for authorization 
for the construction of this machine which would be initiated in fiscal year 1960. 

Sincerely yours, 
JoHN A. McCone, Chairman. 

Enclosures: as 

1. NSF report, August 7-8, 1958 (see app. 1, p. 251). 
2. NSF report, October 25, 1956 (see app. 1, p. 235). 
3. Report by special panel dated November 25, 1958 (see app. 2, p. 527). 


U.S. Atomic ENERGY CoMMISSION, 
Washington D.C., May 27, 1959. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON : I have submitted today to the Speaker of the House 
of Representatives and to the President of the Senate proposed legislation which 
would authorize appropriations to the Atomic Energy Commission in the amount 
of $105 million for the construction of a linear electron accelerator, together 
with the necessary buildings and appurtenances. 

On May 14, 1959, the President announced in an address in New York City 
that this project had been approved by him and that legislation would be sub 
mitted promptly to secure the necessary authorization. This legislation is 
in implementation of that announcement. 

The proposed 10-15 billion electron volt accelerator will be a major advance 
in the machines available to science for investigating the nature of matter and 
energy. Because of its high energy, it will increase the ability of scientists to 
probe into the structure of the atomic nucleus. Each previous advance in the 
energy of particle accelerators has led to important discoveries. The proposed 
machine will make major contributions to our understanding of nuclear 
phenomena. 

We plan on constructing the accelerator at Stanford University as a national 
facility for research, to be used by scientists from other institutions as well as 
those at Stanford University. It will be approximately 2 miles long and will 
take about 6 years to construct. 

The Bureau of the Budget advises that this proposal is in accord with the 
program of the President. 

Copies of the proposed legislation, the analysis of the project and the project 
data sheets are enclosed. 

Sincerely yours, 
JOHN A. McCone, Chairman. 


4 STANFORD LINEAR ELECTRON ACCELERATOR 


A BILL To authorize appropriations for the Atomic Energy Commission in accordance | 


with section 261 of the Atomic Energy Act of 1954, as amended, and for other purposes 


Be it enacted by the Senate and House of Representatives of the United 
States of America in Congress assembled, That there is hereby authorized to be 
appropriated to the Atomic Energy Commission the sum of $105,000,000 for the 
construction of a linear electron accelerator, together with necessary buildings 
and appurtenances thereto. 

Sec. 2. The Atomic Energy Commission is authorized to start the project 
provided for in section 1 hereof only if the currently estimated cost of that 
project does not exceed by more than 25 per centum the estimated cost set 
forth for that project. 





BILL ANALYSIS 


Linear electron \accelerator, $105 million 
This project provides for the design and construction of a high energy elec- 
tron accelerator at Stanford University. The description set forth below repre 
sents present planning for this machine and associated support facilities. 
Definitive design of the machine and technological development during the 
design and construction period may necessitate some changes in the project. 
The machine will be of linear design approximately 2 miles in length, 
and in the initial stages will achieve an energy range of 10-15 billion 
electron volts. Design and construction of the machine and associated fa- 
cilities will require approximately 6 years beginning in fiscal year 1960. 
The accelerating tube is to be housed in a horizontal tunnel approxi- 


ER Ee een 


mately 10 feet wide and deep enough in the ground to provide the necessary | 


shielding. A parallel tunnel approximately 24 feet wide will contain the 
radio frequency equipment and wiring. The two tunnels are to be sepa- 
rated by approximately 35 feet of earth so that personnel can service the 
equipment during accelerator operation. 

The accelerator will be powered by 240 klystron amplifiers. Initial opera- 
tion of each klystron is planned at 6 megawatts, giving a beam of 10 bil- 
lion electron volts electrons. With present-day techniques the klystron 
power may be increased to give a beam of 15 billion electron volts. 

The tunnel, wave guides, accelerator tube, and power facilities are 
planned so that the beam energy may be further increased to 45 billion 
electron volts by adding additional klystron amplifiers as necessary. 

The proposed electron linear accelerator will provide at 10 billion electron 
volts the highest energy electron beam in the world. Its average current 
of 30 microamperes is at least 50 times greater than can be attained with 
a circular machine. 

The beam is easily extracted and its small angular divergence makes pos 
sible great precision in experiments. An accelerator with these character- 
istics has been strongly recommended by a special panel of the President's 
Science Advisory Committee and the General Advisory Committee to the 
Atomic Energy Commission, and approved by the President. 

It is presently planned that the accelerator will be built on land owned by 
Stanford University. Appropriate arrangements, including a long-term lease 
of the land, will be negotiated between the Atomic Energy Commission and 
Stanford University. 


CONSTRUCTION PROJECT DATA SHEET 
SAN FRANCISCO OPERATIONS OFFICE ; PHYSICAL RESEARCH SUBPROGRAM 


Title and location of project: Linear electron accelerator. 

Project No. ’ 

Date physical construction begins : Second quarter fiscal year 1960. 
Date physical construction ends: Fiscal year 1965. 

Previous cost estimate: $0. 

Current cost estimate: May 15, 1959, $105 million. 
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7. Obligations and cost schedules: This detail represents present planning 
for this machine and associated support facilities. Definitive design and tech- 
nological development may necessitate changes at a later date. 


Fiscal year Obligations Cost Activity 


} i 


1960 ..| $3, 700, 000 $2, 000,000 | Architect-engineer studies on buildings, site development 
and grading, initiation of construction on administration 
buildings, klystron laboratory and electric feeder line. 

1961 : 12, 000, 000 7, 000, 000 | Design of tunnel, target facilities, electrical distribution sys- 
tems, roads, and utility areas. Construction of engineering 
and service building, general services building, warehousing 
facilities, accelerator fabrication facility, and shops. De- 

| sign and construction of standard accelerator section. 

i cnssnnicciial 50, 000, 000 30, 000,000 | Systems and component design. Construction of target 
facility. Installation of electrical facilities. Construction 
of tunnel and the initiation of construction of the accelerator 

| proper. 

1963 22, 000, 000 36, 000,000 | Continuation of design of the accelerator and component 
testing. Continuation of construction of tunnel acceler- 
ator components. Initiation of construction of instrumen- 
tation for the accelerator. 








1964 ‘ 15, 000, 000 18, 000,000 | Component testing and assembly of machine. Completion 
of tunnel, accelerator, and instrumentation. 
1965 2, 300, 000 12, 000,000 | Component and system testing and startup of accelerator. 
Total _. 105, 000, 000 105, 000, 000 


8. Brief physical description of project: This project provides for the design 
and construction of a high energy electron accelerator at Stanford University. 
The description set forth below represents present planning for this machine and 
associated support facilities. Definitive design of the machine and technological 
development during the design and construction period may necessitate some 
changes in the project. It is planned that the accelerator will be built on land 
owned by Stanford University. Appropriate arrangements, including long-term 
lease of the land, will be negotiated between the AEC and Stanford University. 

The machine will be of linear design approximately 2 miles in length and in 
the initial stages will achieve an energy of 10 to 15 Bev. The average current 
delivered to the target will be approximately 30 microamperes. Two hundred 
forty klystrons operating at a frequency of 2,856 megacycles per second will 
power the accelerator. The accelerating tube is to be housed in a horizontal 
tunnel approximately 10 feet wide which will be deep enough in the ground to 
provide the necessary shielding. A parallel tunnel approximately 24 feet in 
width will contain the radiofrequency equipment and wiring. The two tunnels 
are to be separated by approximately 35 feet of earth so that personnel can 
service the equipment even though the accelerator is in operation. 

One advantage of a linear machine over a circular machine such as a synchro- 
tron is that there is no problem in extracting the electron beam from the accelera- 
tor. It is planned to provide a beam switchyard after the beam emerges from 
the tunnel where the beam can be directed into three different experimental areas. 
in these areas it will be necessary to provide movable shielding blocks so that 
a variety of experimental arrangements are possible. It is planned to have two 
of the heams brought into a test house which will be approximately 400 feet 
long to provide adequate space for experiments. This building will have four 
large cranes (approximately 100 tons each) with approximately 75 feet overhead 
clearance. 

Another advantage of the linear accelerator is that the energy can be increased 
by increasing the power of the klystron amplifiers. Initial operation of each 
klystron is plannetl at 6 megawatts which will give a beam of 10 Bev. electrons. 
With present day techniques, the klystron power may be increased to give a beam 
of 15 Bev. The tunnel, waveguides, accelerator tube, and power facilities are 
being planned so that at a later date the beam energy may be further increased to 
4 Bev., if the situation in physics at that time is such as to make a higher 
thergy electron beam desirable. 

The proposed accelerator will utilize basic components which have previously 
been developed by the Stanford University research staff. The present mark 
Ill linear machine at Stanford has operated successfully for several‘ years at 
*nergies as high as 730 Mev. To build a higher energy accelerator requires 
4 longer machine of the type already in operation. Previous performance 
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indicates that 24-hour operation will be possible. It is planned to divide the 
2-mile accelerator into approximately 40 250-foot sections, which can be alined 
and tuned individually during start-up operations. Several of these sections 
can be inoperative (by klystron failure, for example) without affecting the 
operations of the accelerator as a whole. 

Although further theoretical, experimental, and engineering studies may 
cause some changes, the principal features of the machine and associated facili- 
ties are planned as follows: 


RRA i els hens meanaeeneinn eens . 10 Bev. 

TS i in aii ene Gh i abe _._. 10,000 feet. 

Pulse length__-_- sade sintéuccccns 2.6 microseconds. 
Repetition rate___.__--------------------. 360 pulses per second. 
CONnereee’ GMO. oa6 Sec ences es 24 hours per day. 
Nember ot Rivetrons: 63 ess es ee 240. 

Initial power output per klystron_____--~- 6 megawatts. 
Expected average klystron life_________--. 2,000 hours. 


Number of klystrons to be repaired per 90. 
month. 


Installed electrical capacity__.._..-----__- 60 megawatts. 
nN eee nee 2,856 megacycles per second. 
CP RRGG ION iiirmtiinsiiinidesmamcne 0.02-1.7 microseconds. 
SUE IRIOCEION VORMREC acc csi eee nce 80 kilovolts. 
PORE DERM CUITORG.. 5 oo deena 50 milliamperes. 
Average beam current____-_-----_- _.... 80 microamperes. 
BVRTREO DOG DWE oo oii ecient 0.3 megawatts. 
Maximum beam duty cycle____---------_- 1/2,000. 
Initial energy eracient.... 1.0 Mev/feet. 
Minimum shielding requirements: 
OD Me eg RE Sa ae age 29 feet of earth. 
By Wet a lalla See Bce 45 feet of earth. 
Accelerator tunnel cross section__.________. 10 by 10 feet with a 3-foot-high dome. 
Klystron tunnel cross section_____________ 24 by 10 feet with a 10-foot-high dome 
Tunnel separation_________ ar he aoe 35 feet. 


Building and atructures 





Structure | Size Special requirements 


a. End station main building 200,000 square feet, 98 feet | 4-100/15-ton cranes; floor 


high. load, 2.5 kips/square feet. 

b. End station auxiliary buildings 41,000 square feet - Research laboratory radio 
frequency room, air condi 
tioned. 

c. General services 14,000 square feet __- ee 

d. Klystron laboratory : 36,500 square feet . Clean room, air conditioned. 

e. Accelerator storage and shops 2 | 46,000 square feet ; Electroforming shop; air con- 
ditioned. 

f. Administration and engineering building._| 42,000 square feet a | 

g. Accelerator control room... ; 5,000 square feet Pressurized. 

h. Auditorium. 3,000 square feet 

i. Cafeteria_- ea ........-.--.-.| 4,500 square feet. 

j. Fire station wep ree ae 1,000 square feet _- 

k. Guard houses. oo oe 1,000 square feet - 7 

1. D.c. generator building. __-___- ..| 21,000 square feet _- sed 





9. Justification of need: The proposed electron linear accelerator will provide 
at 10 Bev., the highest energy electron beam in the world. Its average current 
of 30 microamperes is at least 50 times greater than can be attained with a cit 
cular type machine. The beam is easily extracted and its small angular diver 
gence of 10° radian makes possible great precision in experiments. An acceler 
ator with these characteristics has been strongly recommended by a special 


panel of the President’s Science Advisory Committee and the General Assembly | 


Committee to the Atomic Energy Commission, and approved by the President. 


At the present time there are four categories of problems which could very! 
fruitfully be explored with a high intensity 10 Bev. electron beam: (a) nucleod! 
structure; (0) studies of production cross section via photoproduction, direct) 
electron production, and by the study of the spectra of inelastically scattered] 


electrons; (c) the production of beams of unstable particles and the study of 
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their interactions; (d) investigation of the question of the limits of quantum 
electrodynamics. 

(a) Some of the most interesting work done on the 730 Mev., Stanford linear 
accelerator has been the study of nucleon structure by electron scattering. Al- 
though the interpretation of these experiments is expected to become more diffi- 
cult above 1 Bev., this type of work will continue to be more and more inform- 
ative as the energy is increased. 

(b) The study of the photoproduction and direct electron production of the 
various particles will contribute greatly to our physical understanding, since these 
processes are less complex than direct nucleon-nucleon production. High cur- 
rent is necessary because the cross sections are small. The machine energy of 
10 Bev. is large enough so that all the known particles and antiparticles can 
be produced. A further possibility is that presently unknown weakly interacting 
particles may be produced by electromagnetic pair production. 

(c) Since all the known particles are produced with high intensity, the accel- 
erator can be used as a source of these particles for a great variety of experi- 
ments. 

(d) All the experiments considered above interact strongly with the basic 
question of the validity of quantum electrodynamics at high momentum trans- 
fers. Electron-electron scattering, large angle pair production, and bremsstrah- 
lung will be investigated at these energies. 

In addition to the total estimated cost of $105 million for the construction 
project, there will be other associated costs. During the construction period of 
about 6 years, the research and development costs directly related to the con- 
struction of the accelerator are estimated at approximately $18 million. 

Once the accelerator is placed in operation, the annual recurring cost for 
operating the machine and for the conduct of the research program on the ac- 
celerator is estimated to be approximately $15 million. Because of the long 
lead time required for the development of research apparatus and the need to 
build up the research program in advance of initial operation of the accelerator, 
itis anticipated that the research—oriented operating program will be initiated 
about 3 years prior to machine startup. Thus a smooth transition to the re- 
search-operating phase will require substantial operating expenditures during 
the later part of construction. These costs would be in addition to the $18 mil- 
lion research and development costs referred to above. 

Subsequent to completion of the project, minor capital improvements and ma- 
chine modifications may also be required that could range from $1 to $2 million 
annually. Other capital additions in later years may also be required. 

Depending on the success in the development of components and the existence 
of a valid scientific need, it may become desirable to increase the beam energy 
above 10-15 Bev. Such upgrading of the technical specifications would involve 
expenditures in addition to those described above. 

10. Details of cost estimates (these estimates represent present planning for 
this machine and associated support facilities. Definitive design, engineering, 
and technological developments may necessitate changes at a later date) : 


Estimated cost 
A. Engineering, design, and inspection at 10 percent of con- 


ROpuEOIS CURR... 645503 a. ce he $7, 600, 000 

DB. Team OO Te Tenn hi ise alin 0 
C. Oomeiruetionl “CONN 2.5.55 i SW a ee a Ske 74, 651, 000 
‘1 Dererennenes Oe lene: ose i Be ces 1, 956, 000 

Tei, NI a ew ta a ins nse staan tae 10, 500, 000 

GS, epee SSS Set Bl ee ee a). 12, 042, 000 
a Sh a it ese ee ee teeta 16, 764, 000 

G.) eCenoneeers Sk ee Ld es See 23, 789, 000 

Gi EOE boo S25 ee a a 9, 600, 000 

Ro: Tn GR as ae i hs, 0 ee iS 9, 349, 000 
E. Contingency at 15 percent of all other costs_____.__________ 13, 400, 000 
EUR DYOIOCE CONGs. eck eh BS ee 105, 000, 000 
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10a. Details of fiscal year 1960 obligations (present planning indicates obli- 
gations for the following construction activities will be required in fiscal year 
1960. Based on A-E work, construction scheduling and technological develop- 


ments, this breakdown is subject to change) : 
Eatimated cost 











A. Engineering, design, and inspection__________.__-__--________ $175, 000 
D. QORBPOGHION 22 en eee eee 3, 147, 000 
L.. dapoverpente te 1606 <tc hes atewtixedossice ee 435, 000 
2 OE oo hoe hintaan Bee Bee ee ee 1, 132 
3. Utilities eee a ea en ee ee eee 540, 000 
i ORATOR 5 oso eae oe eee 2 aasl, 500, 000 
OD. ROCIO oo 2 occa Sed Bein ea een oe. . 560, 000 
i. GOORIN «oss otdacunana ecu Gebeeeee Bseeed S46 dies 378, 000 
Totni Tica WORE OT aa oo scree sey 3, 700, 000 | 


11. Major contractor and intended type of contract: Competitive lump-sum 
contracts will be used wherever practicable. However, it is recognized that for 
certain phases of the project, cost-type contracts may be desirable. 

A BILL To authorize appropriations for the Atomic Energy Commission in accordance 
with section 261 of the Atomic Energy Act of 1954, as amended, and for other purposes 
Be it enacted by the Senate and House of Representatives of the United 

States of America in Congress assembled, That there is hereby authorized to 

be appropriated to the Atomic Energy Commission the sum of $105,000,000 for 


ee 


the construction of a Linear Electron Accelerator, together with necessary | 


buildings and appurtenances thereto. 

Sec. 2. The Atomic Energy Commission is authorized to start the project 
provided for in Section 1 hereof only if the currently estimated cost of that 
project does not exceed by more than 25 per centum the estimated cost set forth 


for that project. 


CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
July 8, 1959. 
Gen. A. R. LUEDECKE, 
General Manager, 
U.S. Atomic Energy Commission, 
Washington, D.C. 

DEAR GENERAL LUEDECKE: This is to confirm arrangements for Commission 
participation in public hearings before the Joint Committee, July 14 and 15, on 
requested authorization of $105 million for the Standard linear accelerator. 

It is understood that the Commission will lead off the morning session start: 
ing at 10 a.m., July 14, with a presentation on the technical and financial justi- 
fication for the project. In the afternoon session, starting at 2 p.m. representa- 
tives of Stanford University and Brobeck Associates are scheduled to appear. 

The second day of the hearings, scheduled for the morning of July 15, start- 
ing at 10 a.m. is being reserved for expert witnesses not directly connected witb 
the project whose comments are being solicited. 

It is requested that in its presentation the Commission be prepared to cover 
in detail the following points: 

(1) What portion of the Nation’s planned future accelerator constructio 
and operating cost does the proposed Stanford accelerator represent? 

(2) In view of the fact that the President’s Advisory Panel recommended thal 
highest priority be given to improving existing accelerators, what is the need 
at this time for constructing a new accelerator of this magnitude and cost? 

(3) Why was the submission of the Stanford proposal deferred to this late 
date (May 27, 1959) considering the fact that Stanford developed the basi 
proposal in 1956 and the President’s Advisory Panel completed its report recom 
mending the project in November 1958? 

(4) What plans have been developed to implement the construction of other 
accelerators recommended by the President's Special Advisory Panel? 

(5) The original Stanford cost estimate for the proposed project was $78 
million. The Brobeck Associates estimate was $115 million. The cost esti 
mate contained in the current proposal is $105 million, exclusive of the $1 
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million for research and development. What are the reasons for these differ- 
ences in cost estimates? 

(6) Why should the full $105 million be authorized at this time? Why 
shouldn’t the initial authorization be limited to design and engineering studies 
and associated research and development? 

(7) Why is construction of the Stanford accelerator proposed at this time 
since the 6 Bev. Cambridge electron accelerator is scheduled to be completed 
next year? Should the construction of the Stanford accelerator be deferred 
until data is obtained from the Cambridge accelerator concerning the fruitful- 
ness of experimental work with high-energy electrons? 

(8) Were comments obtained from outside experts on the proposed Stanford 
accelerator as was done on the MURA proposal in 1957? Are these comments 
available or documents available summarizing these comments? 

(9) Why is construction of the accelerator being proposed at the Stanford 
site? Were other sites considered? What about Livermore? 

(10) Has a survey been made of experts regarding the scientific need of such 
an accelerator, and, if so, are documents available indicating the results of the 
survey ? ‘ 

(11) What plans have been developed for use of the accelerator on a na- 
tional basis with participation by scientists from other universities and 
laboratories? 

(12) In testimony before the Joint Committee on the fiscal year 1960 authori- 
zation bill, the Commission stated that a policy should be established prior to 
the authorization of facility construction at the campuses of private universi- 
ues. Has a policy been established on this matter? If so, what is it and how 
is it being applied to the Stanford project? 

(13) Will the technology developed in the design, construction, and operation 
of the proposed accelerator be of any value to military programs? If so, in 
what way and for what specific application? 

(14) What considerations were given to geological conditions in the vicinity 
of the proposed site, particularly with regard to stabilities of the underlying 
ground and the possibility of earthquakes? 

(15) Since the energy to be developed in the presently proposed accelerator is 
10 to 15 Bev., why is it necessary to build a 2-mile linear accelerator? 

(16) The proposal originally submitted by Stanford covered a 15- to 25-Bev. 
accelerator while the present proposal refers to an energy range from 10 to 15 
Bev. Why was the energy decreased? 

(17) The proposal refers to the possibility of a future modification of the 
accelerator to increase the energy to 45 Bev. What is the probability of such 
a modification being made? What is the estimated cost of such a modification? 

(18) What specific research and development work is to be done with the $18 
million referred to in the proposal since the accelerator is understood to be 
based on proven concepts? 

(19) What arrangements are planned for the assignment of responsibilities 
for the various phases of the architect-engineering and construction work for 
(ne proposed project? For example, is it planned that the Commission will 
assume responsibility for contracting directly for certain phases of the work and 
Stanford will assume responsibility for contracting for other items? How does 
the planned arrangement for this project compare with the Commission’s exper- 
ence on other large construction projects? 

(20) How does the U.S. high-energy accelerator program compare with other 
nations, particularly Soviet Russia? Does the U.S.S.R. now have or is it plan- 
ning construction of a high-energy electron accelerator comparable to the pro- 
posed Stanford project? 

The Commission’s cooperation in this matter is appreciated. 

Sincerely yours, 


JAMES T. RAMEY, Executive Director. 


(Also included as app. 1 (p. 233), is a letter dated July 2, 1959, 
from the AEC, supplying background material on the proposed ac- 
celerator project.) 

Representative Price. Chairman McCone will lead off for the Com- 
mission, followed by Commissioner Floberg. Would you proceed? 
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STATEMENT OF JOHN A. McCONE, CHAIRMAN, ATOMIC ENERGY 
COMMISSION 


Mr. McConr. Thank you very much, Mr. Chairman. The Com- 
mission is pleased with this opportunity to discuss the Stanford 
accelerator project with the Joint Committee. I do not have a pre- 
pared statement of my own. The Commission has a prepared state- 
ment which will be given by Commissioner Floberg. It will be 
followed by a statement by our Director of the Division of Research, 
Dr. Williams, and a further, more technical statement by Dr. 
Haworth, the Director of the Brookhaven National Laboratory. 

Representative Price. I think it might be advisable after your state- 
ment that Mr. Floberg present the formal statement. I think it 
might be advisable for the committee to permit him to do it without 
interruption, and following his statement both you, Mr. Chairman, 
and Mr. Floberg will be available for questioning. 

Mr. McCone. Yes, sir; I would like to reiterate information given 
to the committee at the authorization hearings on March 24, when 
I briefly referred to the fact that in August of 1958, Dr. Killian and 
I in a meeting concluded that an intergovernmental group should be 
established for the purpose of studying the whole question of high- 
energy accelerators, and arriving at some policy considerations which 
could be considered governmentwide policies. We therefore set u 
a technical group on which were representatives of the General Ad- 
visory Committee of the Atomic Energy Commission, and the Sci- 
entific Advisory Committee of the President. This group, under the 
chairmanship of Dr. Piore, worked for several months, intensively 
studying this problem, and submitted a report in November 1958 
(see p. 527), which has been the foundation for the policies and 
the recommendations that we have made to you. This report was 
very carefully considered by the various departments of Government 
that were involved, and as a result the executive branch of the Gov- 
ernment decided to recommend to the Congress that the first project 
recommended by the Committee be initiated at this time. This is 
the Stanford accelerator. 

This decision was reached initially about mid-April or early April 
after the report had been studied and discussions held with the 
President. A matter of about a month followed during which time 
the project was given consideration by the Bureau of the Budget 
and the Defense Department and the AEC. There was a period 
in which it was not clear as to just what agency of Government would 
assume final responsibility for this project. It was finally decided 
that it would be assigned to the Atomic Energy Commission. 

This was not originally expected because for several years while 
this project had been under study and preliminary research and 
investigatory work, it was supported by the Department of De 
fense, through the Office of Naval Research. The decision to place 
the responsibility in the Atomic Energy Commission was based on 
a determination by the Bureau of the Budget, and those within the 
Bureau who are concerned with Government organization matters, 
that the Atomic Energy Commission had considerable responsibility 
in this field of high-energy accelerators and a high degree of com- 
petence, and therefore it was felt that it would be best to keep this 
whole area more or less concentrated in the hands of one agency. 





th 


to 
m: 


no 
D 
4t] 
liz 


b y 


wa 
pri 
7 


we 
que 


wit 
anc 
sep 
of 
tior 
pri: 
hot 
wen 
rece 
mat 





out 
an, 
ven 
hen 
and 


| be 
gh- 
Lich 
u 
ad. 
Sci- 
the 
vely 
1958 
and 
was 
nent 
JOV- 
oject 
‘is is 


\ pril 
. the 
time 
idget 
sriod 
sould 
cided 


while 
. and 
F De- 
place 
ed on 
in the 
itters, 
bility 
com- 
» this 


STANFORD LINEAR ELECTRON ACCELERATOR 11 


Representative Price. Was the study that you referred to made 
at the behest of the Department of Defense rather than the Com- 
mission ? 

Mr. McConr. No. The study that I referred to was made at the 
behest of Dr. Killian, the scientific adviser to the President, and 
myself, as the Chairman of the Atomic Energy Commission. We 
concluded that this matter was one so large that it should be ap- 
proached in much the same way that the question of national pohcy 
on wind tunnels was approached 10 or 12 years ago, and ended up in 
a unified program for the construction of the appropriate number 
of properly designed and properly sized wind tunnels. Until that 
national policy was established various departments of Government 
were concerned with wind tunnels and there was evidence that there 
would be some duplication and therefore unnecessary expense. 

As I say, the assignment of this project to the Atomic Energy Com- 
mission was not made until quite late, well after the decision was 
made to go forward with the project. It was for that reason that the 
Atomic Energy Commission was forced to make some rather concen- 
trated last minute studies and verifications of certain estimates, and, 
I think, also, this accounted for some, but not all, of the delay in 
placing the proposed legislation in the hands of your committee. 

I would like now if Mr. Floberg would proceed with his statement. 
I did want to have the opportunity for those opening remarks. 

Representative Price. I would like to straighten out the time of 
the decision to go ahead with the project. When was the President’s 
decision made to request authorization ? 

Mr. McConr. I cannot answer exactly. The President’s decision 
to go forward, subject to clarification of a great many details, was 
made in April. As I remember it was following a meeting early in 
April. There were subsequent discussions and meetings which I did 
not attend, because at that time it was considered a Department of 
Defense project. There was a period between early April and the 
4th of May in which the policies were formulated and finally crystal- 
lized. The first formal notice that we had of AEC responsibility was 
by letter which, I believe, was dated the 4th of May. 

Representative Price. The question arises why the Joint Committee 
was not informed of the decision to go ahead with this until 1 day 
prior to the time the bill was sent up to the committee. 

Mr. McCone. Receiving this letter on the 4th of May—and I think 
we had the information orally a day or two earlier than that—we 
questioned the manner in which the assignment was made. The rea- 
son for it was that we felt, and I took the position in several meetings 
with the Piore committee, and also in meetings with both Dr. Killian 
and the Bureau of the Budget, that this project should be aside and 
separate from the budget of the Atomic Energy Commission, or any 
of the agencies. It should be a matter of special authorizing legisla- 
tion, and considered separately from the standpoint of annual appro- 
priations. This was agreed to. However, the letter of May 4 was 
not abundantly clear that this was the understanding. I therefore 
went back to the Bureau of the Budget during the days following the 
receipt of that letter and finally had this point cleared up, and the 
matter was confirmed by an exchange of letters. 
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It was because of the necessity of clearing these points, plus the 
necessity of having the Stanford people come back for final discus- 
sion, and to have a final hear ing with the Bureau of the Budget, which 
was held on May 12, incidentally, that we felt that we were not ina 
position to finally advise the Joint Committee. 

Representative Price. Do you have a copy of the letter to which you 
refer? 

Mr. McConr. Yes, I think I have copies of it here. I will supply 
you with this correspondence. It is here, but it would be time- 
consuming to take it out. 

(The letters referred to follow :) 


U.S. Atomic ENERGY ComMMISSION, 
Washington, D.C., April 6, 1959. 
Hon. Maurice H. STaAns, 
Director, Bureau of the Budget. 

Dear Mr. Stans: This is in connection with the question raised by Mr. 
Schuldt, of your staff, as to our position on the funding of the Stanford atcel- 
erator construction, in the event it is determined that this should be the respon- 
sibility of the Commission. We would have no objection to effecting a reduction 
of $5.5 million under our 1959 operating expense appropriation and having this 
amount reappropriated to our 1960 operating appropriation, thereby reducing 
the 1960 appropriation requests under that appropriation, so that a like amount 
could be added to our 1960 request under the plant acquisition and construction 
appropriation. 

We do have a concern, however, on the impact of the balance of the construc- 
tion funds and the required operating costs on our budgets for future years. 
If the responsobility for this project is assigned to the Atomic Energy Commis- 
sion, and the initial funding of construction is carried out in the manner noted 
above, we would like to have your assurance that the amounts required for the 
project in future years will be considered entirely apart from any budgetary 

ceilings for the remainder of the Commission’s program. 

Sincerely yours, 
Joun A. McCone, Chairman. 


EXECUTIVE OFFICE OF THE PRESIDENT, 
BUREAU OF THE BUDGET, 
Washington, D.C., May 4, 1959. 
Hon. JoHn A. McCone, 
Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 

My Dear Mr. McCone: This is in reply to your letter of April 6, 1959, regard- 
ing the funding of the Stanford accelerator, a project recently approved by the 
President upon the joint recommendation of Dr. Killian, Special Assistant to 
the President for Science and Technology, and the Atomic Energy Commission, 
the Department of Defense, and the National Science Foundation. 

It has now been concluded that this project should be funded, constructed, 
and operated by the Atomic Energy Commission, which already is responsible 
for most of the Government’s support of high energy physics. Accordingly, 
there is no objection to your reprograming funds along the lines of the first 
paragraph of your letter. 

As has been made clear in the discussions attendant upon the approval of the 
Stanford accelerator, it has come to be considered a national resource in a some 
what special sense, although the same may also be said of the Nation’s entire 
high energy physics plant and program. Accordingly, in a letter to me dated 
April 28, 1959, Dr. Killian has proposed the creation of an interagency technical 
working group in high energy physics under the Federal Council for Science and 
Technology to consider technical problems which may arise in the construction 
of the Stanford accelerator and, more generally, to concern itself with the broad 
planning of Government programs in high energy physics and the utilization of 
accelerators. 
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With reference to the point made in the last paragraph of your letter of April 6, 
we recognize that the accelerator, once begun, must be provided with necessary 
funds for its completion, and we would expect to consider it somewhat apart 
from the rest of the Commission’s fiscal needs, especially in its construction 
phase. However, I am sure that you recognize the importance for the success 
of the project that it be treated as an integral part of the Commission’s program, 
beginning with the detailed planning for the project. 

Dr. Killian informs me of tentative plans for the President to announce in 
mid-May the administration’s decision to seek this authorization. It would 
appear desirable, therefore, for the Commission to proceed promptly with prep 
aration of the necessary authorizing legislation for review by the Bureau of the 
Budget. Pending the Presidential announcement, we should avoid disclosure 
of the administration’s plans. 


Sincerely yours, 


Maurice H. Stans, Director. 


U.S. ATomMic ENERGY CoMMISSION, 


Washington, D.C., May 12, 1959. 
Hon. MAURICE H. STAns, 


Director, Bureau of the Budget. 


DEAR Mr. Stans: I have your letter of May 4, 1959, regarding the Stanford 


accelerator and making reference to my letter of April 6, 1959, relative to the 
funding for that project. In your letter you state that “we recognize that the 
accelerator, once begun, must be provided with necessary funds for its comple- 
tion, and we would expect to consider it somewhat apart from the rest of the 
Commission's fiscal needs, especially in its construction phase.” 

My letter pointed out the need for your assurance that the amounts required 
for this project in future years would be considered entirely apart from any 
budgetary ceilings for the remainder of the Commission’s program. I feel that 
your letter provides little assurance in this regard and desire to reemphasize 
the importance of this point. The Stanford accelerator is a major project both 
for construction and operation. The effect of absorbing the project in our 
normal budget considerations as a part of our regular program would have 
serious implications on our ability to carry out even the essential projects. 

Sincerely yours, 


JOHN A. McCone, Chairman. 





EXECUTIVE OFFICE OF THE PRESIDENT, 
BUREAU OF THE BUDGET, 


Washington, D.C., May 28, 1959. 
Hon. Jonn A. McCone, 


Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


My Dear Mr. McConre: I have your letter of May 12, 1959, regarding the 
Stanford accelerator and making reference to our previous correspondence on 
the subject. 

As you point out in your letter, the Stanford accelerator is indeed a major 
project both for construction and operation. Inevitably the decision to commit 
funds of this magnitude to the Stanford accelerator will have some effect upon 
the availability of funds for other governmental purposes, whether within or 
outside the Commission’s program. In this sense we cannot, from the stand- 
point of sound financial management, consider this project or any other project 
“entirely apart” from the Government’s total fiscal needs. 

On the other hand, it is clearly not our intention to expect the Commission 
to absorb the cost of the project in its normal budget. I visualize that in arriv- 
ing at annual ceilings and budget allowances, the fund requirements for this 
project will be considered separately and will be assigned a special priority. 
This should meet your point entirely. 

Sincerely yours, 
Maurice H. Stans, Director. 


43633 O—593——2 
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Representative Price. The delay in getting word to the committee 
until you were just ready to submit an authorization proposal had 
nothing to do with the uncertainties on the part of the Commission 
as to the technical feasibility of the project. 

Mr. McConr. No, there was no concern. There was a concern, dur- 
ing that period, as to the estimated cost of the project, but there was 
no concern about the technical feasibility. 

Representative Price. The concern was budgetwise, rather than 
any technical problem. 

Mr. McConr. That is right. I think the testimony will bring out 
the fact that there was some $10 million difference in the estimates, 
and this was one of the things we wanted to go into. The delavs, if 
there were delays, were due to the fact that this project was assigned 
at a very late date. In accepting it, the Commission wanted to be 
sure that we at least had a pretty good look at the work that had 
gone on before, and secondly, that we were in complete agreement 
with the Bureau of the Budget concerning the future funding of this 
project, which is a very large item. It was for that reason that we 
were a little cautious for a few days to be sure that we had complete 
understanding. 

Representative WestLanp. Mr. Chairman, it seems to me that the 
committee is somewhat in agreement with the chairman of the Atomic 
Energy Commission, that we received this bill just at a time when 
the committee had finished rather laborious consideration of an 
authorization bill. The first impression that I had, at least, I think 
other members of the committee had, too, was that this $105 million 
should be included in that authorization bill without any further 
consideration. Then we decided to take this up separately. 

Representative Price. I think the main reason it was decided to 
take it up separately was due to the magnitude of the project, and a 
desire on the part of the committee, because it did amount to such a 
large figure, to give it rather close scrutiny before giving final 
approval. 

Mr. McConr. It had been my position throughout the discussions 
for many, many months that this project, first because of its size, 
and secondly because of its very great importance, should be con- 
sidered as a separate and independent piece of authorizing legislation. 

Representative Price. That was the position of the majority of 
the committee, also. 

Mr. McCone. That had been my position. 

Representative Price. We are getting into an area now where these 
machines are required and most of us recognize the importance of 
the machines, but one machine costs almost as much as we have in- 
vested in all the other accelerators up to this time in the whole 
program. 

Mr. McConr. That is correct. Furthermore, quite aside from the 
capital cost, there is a very substantial annual operating cost that we 
have to look at. 

Representative Price. What do you estimate the operating cost 
will be? 

Mr. McCone. It is estimated at $15 million. 

Representative Price. That is the annual operating cost ? 
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Mr. McCone. Yes, sir. I am not the least bit blind to the fact that 
machines of this kind, in addition to the estimated operating cost, 
usually have incremental improvements and additional expenditures 
which become absolutely necessary. You are familiar with that. I 
think the bill will probably be somewhat higher. 

Representative Price. I think we ought to get on with the testimony 
now so that we can get a clear picture of what the machine is, and 
the requirements for it in the program. 

Mr. Floberg, will you proceed ? 


STATEMENT OF JOHN F. FLOBERG, COMMISSIONER, U.S. ATOMIC 
ENERGY COMMISSION 


Mr. Fioperc. Mr. Chairman, my name is John F. Floberg, and I 
have a prepared statement to read to the committee. 

I am pleased to be here to day to explain to you the needs that 
justify the Commission’s request to the Congress for authorizing legis- 
lation for the construction of a high-energy electron linear accelerator 
at Stanford University in Palo Alto, Calif. I trust that we will be 
able to explain to the Joint Committee on Atomic Energy that this 
project has reached the stage where the Congress should authorize 
the construction of the accelerator and its associated facilities. 

I would first like to review the events that led up to the decision to 
proceed with this project. 

Last July, it became apparent to the senior executives in the Atomic 
Energy Commission, the National Science Foundation, and the De- 
partment of Defense that an exhaustive review of the high energy 
accelerator physics program of the United States should be made. 

It was clear that the Federal Government had a real responsibility 
to examine this program because continued world bendanete 1ip by the 
United States in this field had to be weighed against the extraordi- 
narily high cost of construction and operation of high energy accelera- 
tors. Most of the financial support in the field of high energy ac- 
celerator construction and operation comes from the Federal Govern- 
ment. It was, therefore, deemed to be essential that an evaluation be 
made of the impact that increased Federal support for high energy 
physics might have on the Federal support for other areas of science. 

The National Science Foundation for the last several years has been 
studying and reviewing the high energy research program of the 
United States at the request of ‘the Atomic Energy Commission and 
the Department of Defense. In 1956, the } National Science Founda- 
tion appointed a group of outstanding scientists to an ad hoc panel 
under the chairmanship of Dr. Leland J. Haworth, Director of the 
AEC Brookhaven National Laboratory. In October 1956 this panel 
prepared an overall report on high energy accelerators (see p. 235). 

A study of the feasibility of constructing a 2-mile long linear ac- 
celerator had been started by Stanford _physicists early in 1954, and 
initial proposals were submitted in 1957 (see p. 283) to the National 
Science Foundation, the Atomic Energy Commission, and the Depart- 
ment of Defense. 

The Commission sent the proposal to several outstanding scientists 
for review. These scientists were almost unanimous in rec ommending 
that support be given to the Stanford proposal. Many of the scien- 
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supporting accelerator research and radio-frequency power tube de- 
velopment at Stanford University in particular. Prior, however, to 
announcing his decision on May 14, the President decided that the 
Stanford project should be administered by the AEC because of our 


extensive experience in the construction and operation of accelerators 
in the multi- Bev. range. 


While the AEC did not actively seek the responsibility for this 
undertaking, I express the views of my colleagues when I say that we 
accept this great basic research undertaking with a sincere apprecia- 
tion of the importance of the accelerator to our national scientific 
program, The President in his May 14 address at the symposium on 
basic research pointed out that the Stanford accelerator was of vital 
importance, but because of the cost, it must become a Federal re- 
sponsibility. 

(President Eisenhower's address referred to above follows:) 


(Text of the address by the President at the Symposium on Basic Research, spon- 
sored by the National Academy of Sciences, the American Association for the 
Advancement of Science, and the Alfred P. Sloan Foundation, held at the 
Waldorf-Astoria Hotel, New York City, May 14, 1959, as actually delivered) 


ScIENCE: HAND MAIDEN OF FREEDOM 


Dr. Bronk, Mr, Sloan, fellow innocents in the field of science, ladies and 
gentlemen, it is a great privilege to be present at this meeting with so many 
Americans actively interested in basic science. Equally it is for me a unique 
experience. I have no professional competence in searching out nature’s secrets 
and out of my own knowledge I can make no professional suggestions on the 
substance of science to which you could possibly accord the slightest validity. 

Nevertheless, I hope that in a fairly long life, punctuated here and there by 
promotions of various types, that I have not reached the state of exalted posi- 
tion and complete uselessness that was acheieved by one of the hunting dogs I 
heard about, trained by a northern woodsman. 

Their master, who had long enjoyed a warm acquaintanceship with a univer- 
sity community, had the habit of naming his dogs for faculty members that he 
admired. But when a few wives became a little indignant over the practice, he 
decided to name his dogs for various academic ranks—instructor, assistant, and 
professor, and so on. 

One hunting season, a man from Chicago hired for $2.50 a day a dog he liked 
very much. And the following year, asking for the same dog, was told the 
price would be $5 a day. When he protested the steep inflation and insisted 
that it was the same dog, the owner agreed, but said that the dog had been 
promoted to assistant professor and was now worth the added money. 

Well, next hunting season, the price jumped to $7.50 because the dog had 
then achieved the rank of associate professor. And the year after, it was 
raised to $10, the reason being that the well-trained canine had reached the 
noble status of full professor. 

The following year, when the hunter returned to rent the same dog, he was 
turned down. “Why not?” demanded the hunter insistently. ‘Well, I'll tell 
you,” said the old woodsman, “I can’t let you have him at any price. This 
spring we gave him another promotion and made him the president of the col- 
lege. Now all he does is sit around and howl and bark, and he ain’t worth 
shooting.” 

Now, even though my scientific education is limited, I think there may be some 
usefulness in considering together certain aspects of the relation of Government 
to science and the conditions under which the work of scientists and scholars 
will best flourish. 

In our lifetime greater advances have probably taken place in science and 
technology than in all prior history, and these advances have profoundly affected, 
and will continue to affect, our manner of living. These advances and changes 
have also had a profound effect on Government and on national policy. In my 
public service I have found myself increasingly involved in dealing with problems 
and policies affected by the growth and impact of science and technology. Out 
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tists, however, pointed out that while support should be given to 
Stanford, it should not be done at the expense of other areas of re- 
search. To clarify the relation of the Stanford proposal to the over- 
all research picture, the National Science Foundation panel was re- 
constituted in 1958 to review the Stanford proposal. On September 
11, 1958, in an amendment to its 1956 report, the NSF panel recom- 
mended that favorable consideration be given to the Stanford pro- 
posal. Mr. Chairman, in view of their specific consideration of the 
Stanford proposal, you may wish to have the 1956 panel report and 
the 1958 amendment thereto inserted in the record of these hearings. 
(See p. 235 and p. 251.) 

The recommendations of the National Science Foundation panel 
were reviewed extensively by a special panel composed of members of 
the General Advisory Committee to the Atomic Energy Commission, 
and members of the President’s Science Advisory Committee. In late 
November 1958, the SAC-GAC panel, chaired by Dr. Emanuel Piore 
of the President’s Science Advisory Committee, recommended to the 
President’s Science Adviser that the proposal of Stanford University 
to construct an electron linear accelerator, modified to operate at 10 to 
15 billion electron volts, be accepted. 

The recommendations of the SAC-GAC panel on “U.S. Policy 
and Actions in High Energy Accelerator Physics” are broad and far- 
reaching in nature. Therefore, I suggest that you may desire that 
they be reproduc ed in the record of these hear ings. 

Representative Price. Without objection, the reports on the project 
will be included in the record, if it is possible for you to supply those 
reports. 

Mr. Fioperc. Yes; we shall supply it, sir. 

(The data referred to will be found in app. 2, p. 527.) 

Mr. Frioserc. The General Advisory C aie to the U.S. Atomic 
Energy Commission has approved the Panel report and ated with 
its recommendations and conclusions. They noted, however, that the 
magnitude of Federal expenditure for high-energy physics is reaching 
such a high level that it is important to insure that progress in this 
field does not interfere with the building up and orderly growth of 
other areas of basic science. This is an important point and one that 
all of us must be mindful of during the course of future considera- 
tions of research programs and budgets. 

The Commission considered the SAC-GAC Panel report last De- 
cember. The Chairman of the AEC participated in the subsequent 
discussions on this matter with the President’s Science Advisory Com- 
mittee and later with the President, which discussions ultimately led 
to the decision by the President to seek congressional authorization 
to construct an electron linear accelerator at Stanford University 

capable of providing generous quantities of 10-15 Bev. electrons. 

When Mr. McCone appeared before this committee during the au- 
thorization hearings on the fiscal year 1960 construction program on 
March 24, he br ought you up to date on the then current status of the 
review of this project. It appeared possible at that time that the 


Department of Defense might be the agency that would build this | 


accelerator, not because of a particular “military significance of the 
machine, but because of the DOD’s history of supporting high-energy 
physics in general and of the Office of Naval Research’s history ‘of 
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vigorous, and rapidly growing society, the uninformed often referred in slurring 
terms to what we called the impractical scholar. Fortunately, we have come 
far from that point. We have done much in Overcoming this misunderstanding. 
We have learned that the apparently visionary researcher is likely to produce 
unexpectedly practical results. Witness the work of such scientists as Faraday, 
Pasteur, Gibbs, Einstein, Fermi, and Von Neuman. 

Basic science, of course, is the essential underpinning of applied research and 
development. It represents the frontier where exploration and discovery begin. 
Moreover, achievements in basic research, adding as they do to man’s funda- 
mental understanding, have a quality of universality that goes beyond any 
limited or local application or limitation of time. Eventually, those discoveries 
benefit all mankind. 

Today, the American record in basic research is becoming no less brilliant 
than in applied science. The past 50 years have seen a remarkable growth of 
graduate schools of science and other types of research institutions. Since 
World War II scientists working in the United States have won more than half 
of all the Nobel prizes awarded in the physical sciences. If we can continue 
to cultivate our strength and achievement in this field of basic research, we 
shall greatly enhance our capacity to defend ourselves, and simultaneously ad- 
vance our economie and cultural strength. 

Vigilance and effort are required. 

I am told that fewer than 30,000 scientists and engineers, or less than two 
one-hundredths of 1 percent of our population, are now engaged in basic research. 
Only about 4 percent of our scientists and engineers are engaged in basic re- 
search. Educators and scientists warn us that we need to step up this effort, 
if we are to move forward on the broadest scientific front. 

And I think, my friends, this has to be a studied effort. Although we have 
long known that necessity is the mother of invention, we cannot depend upon 
accident to bring about these advances that we need. 

All of us know the old story of finding that cooked meat was much better than 
raw meat, when the ancient Chinese had his barn burned down and a bunch of 
pigs were in it. Well, he found out about crackling, that it was very good. 

Another accident, and for this story I am indebted to a friend of mine here 
who is far too shy and modest to want me to identify him. And it was about 
a hearing aid, Mr. Sloan. This man needed a hearing aid, and he went to the 
store and he found that the cheapest one was $200 and when they ran up to $800, 
he decided this was clear outside his pocketbook range, so he decided to make 
one himself. Which he did. And he worked it with pretty good effect. 

Well, finally, a man said to him, “Now tell me, Bill, does this thing really 
work?” 

He says, “Of course not, but it makes everybody talk louder.” 

We cannot afford to look for our advances in this kind of result, even if the 
result was, in this case, only psychological. 

In seeking out and educating the necessary talent we need to insure, as we have 
done in the past, that the search for fundamental knowledge can best be under- 
taken in areas and in ways determined primarily by the scientific community 
itself. We reject a philosophy that emphasizes more dependence upon a cen- 
tralized approach and direction. Regimented research would be, for us, catas- 
trophe. 

The progress and growth of America depends upon many qualities of our 
people. Clearly these include curiosity, imagination, educational preparedness 
and tireless stamina. Without these we could not be a peonle of true creative 
genius. We must search out the talented individual and cultivate in all Ameri- 
‘an life a heightened appreciation of the importance of excellence and high 
standards: not only in specialized fields, but in individual dimensions of diver- 
sity as well. 

It is very much worth noting, I believe, Tocqueville's comment of 125 years 
ago in some notes just published for the first time, that what makes the American 
such an intelligent citizen is that he does a little of everything. This he thought 
was an important reason for superiority of the American in the ordinary business 
of life and the government of society. 

_ But while today we require a high degree of specialization, it remains vitally 
important for the specialist in every field, to understand that his first responsi- 
bility to himself and to his country is to be a good citizen. 

_ Above all, the specialist must comprehend how his own work fits in effectively 
in promoting the national welfare. 
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of this experience in dealing with these matters and my close and cordial rela- 
tionships with increasing numbers of scientists and engineers arise such observa- 
tions as I shall make tonight. 

_ First, I must congratulate the Sloan Foundation, the National Academy of 
Sciences, and the American Association for the Advancement of Science, for 
sponsoring this conference on basic research. The Nation cannot help but feel 
a profound satisfaction in seeing so many leading representatives of education, 
industry, and Government participating in a symposium concerned with such 
a vital effort. 

And I derive special satisfaction from the fact that this conference is spon- 
sored by private interests. Too often we have tended to look unduly to the 
Federal Government for initiative and support in a multitude of activities, 
among them scientific research. We must recognize the possibility that the 
Federal Government, with its vast resources and its increasing dependence upon 
science, could largely preempt the field or blunt private initiative and individual 
opportunity. This we must never permit. 

Too much dependence upon the Federal Government may be easy, but too 
long practiced it can become a dangerous habit. 

Yet, Government’s role in research and its responsibility for advancing science 
must be large and there must be a persistent partnership between Government 
effort and private effort. Our science and technology are the cornerstone of 
American security, American welfare, and our program for a just peace. For 
the Government to neglect this would be folly. But the strength, growth, and 
vitality of our science and engineering, as in every other productive enterprise, 
hinge primarily upon the efforts of private individuals. 

Private institutions, foundations, colleges and universities, professional socie- 
ties and industry, as well as all levels of government, have a vital role to play in 
promoting individual leadership and in striving for excellence and the achieve- 
ments of a high level of creative activity. Thus is created increased opportunity 
to pioneer, to initiate, and to explore untrodden areas. 

* + * 


Now, through the growth of scientific knowledge we in America have profited 
immeasurably. 

We have done so because we are free. 

Freedom is the central concept of our society, and this freedom of each to 
try, to fail, and to try again is the mainspring of our progress. 

Freedom is both cause and effect; by sustaining it we preserve the essential 
condition of learning, while the benefits that flow from knowledge work to keep 
us free. 

As we have long known, freedom must be earned and protected every day by 
everyone of us. Freedom bestows on us the priceless gift of opportunity—if we 
neglect Our opportunities we shall certainly lose our freedom. 

Our immediate task—America’s first responsibility—is to see that freedom is 
not lost through ignorance, complacency, or lack of vigilance. And this applies to 
our domestic problems and to those abroad. It is important that in our daily 
lives at home we so conduct ourselves in politics, in business, in education, that 
liberty is not impaired. Equally we must be alert to our duty of assuring that 
neither we, or other free nations, succumb to an ideological system dedicated to 
aggressive force and governed by fear. 

That we succeed in this task—that we successfully preserve freedom amidst 
an uneasy climate of disquiet and tension—depends more than ever upon the 
readiness of each of us to advance American science and engineering. 

It is in this strong conviction that I particularly stress the freedom of the 
scholar and the researcher. 

* * * 

From the very outset of our Republic, the Government of the United States 
has sought to encourage science and learning. Our early statesmen, Washington, 
Jefferson, Franklin, and Adams, all sought to find ways by which the new 
Republic could sponsor learning and promote the progress of science and the 
useful arts. 

The founders of the American political system clearly believed that the secrets 
of nature must be better known so that they might be used to advance the 
welfare of all our people. 

But while, under the stimulus of practical need, the application of science 
to problems of production and growth became accepted practice in our young, 
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Twenty years ago, Federal support of science was about $100 million annually. 
Today, this annual investment, by the Federal Government, in applied and basic 
research, together with pilot development, has grown to over $5 billion. A large 
fraction of these Federal funds is spent in laboratories owned and operated 
by private groups. Much of this expenditure is to meet the current and practical 
needs of the Federal Government. The size of these Federal expenditures and 
the policies and practices of the Federal Government inevitably have a substantial 
effect on the Nation’s private scientific institutions. But again we remind our- 
selves that the whole program would be self-defeating if it were allowed to limit 
the freedom of its own research. 

During recent months we have made many moves to strengthen the manage 
ment of your Government’s scientific activities. These include a number of 
advisory committees and several new legally authorized agencies. All of them 
are designed to point up and enhance and coordinate scientific research. 

And now, let me cite one example which illustrates an appropriate way for 
the Federal Government to further our basic scientific research effort. Inci- 
dentally, when I quote the cost, George Humphrey will hurt. 

Recently the General Advisory Committee to the Atomic Energy Commission 
and my Science Advisory Committee, under the chairmanship of Dr. Killian, ap- 
pointed a special panel of scientists to undertake a comprehensive review of the 
Federal Government's participation in the high-energy accelerator physics field. 

On the basis of this report, I am recommending to the Congress that the Federal 
Government finance the construction as a national facility of a large new electron 
linear accelerator. Physicists consider the project, which has been sponsored by 
Stanford University, to be of vital importance. Moreover, they believe it 
promises to make valuable contributions to our understanding in a field in which 
the United States already is strong, and in which we must maintain our progress. 
Because of the cost, such a project must become a Federal responsibility. This 
proposed national facility, which will be by far the largest of its kind ever built— 
a machine 2 miles long—has the endorsement of the interested Government 
agencies—including the Treasury. Construction of the accelerator will take 6 
years, at an overall cost of approximately $100 million. 

* * * 


By such means the Government labors to advance our scientific knowledge 
and to further the free use of science for healing, for enriching life and freeing 
the spirit. 

In emphasizing these objectives and needs, I am deeply aware that they are 
inseparable from the broader goal of enriching the quality of our society and 
enhancing the excellence of our intellectual life. 

We cannot improve science and engineering education without strengthening 
education of all kinds. America must educate all the varied talents of our 
citizens to the limit of their abilities. 

Here what we seek is talent of the first rank. 

We do not ask of a man his race, his color, his religion. 

In the field of intellectual exploration, true freedom can and must be 
practiced. 

The dignity of man is enhanced by the dignity and freedom of learning. 
How well the learning is accomplished depends upon the competence and 
devotion of those to whom the training is entrusted: the teachers and educators 
at all levels, everywhere, throughout our land. 

So let us cultivate more respect for learning, for intellectual achievement, 
for appreciation of the arts and humanities. Let us assign true education 
a top place among our national goals. This means that we must be willing 
to match our increasing investments in material resources with increasing invest- 
ments in men. 

For my part I have long urged and supported the idea that there should be 
established a hall of fame for the arts and sciences. Membership would be 
an honor to which every American boy and girl could aspire. 

Talent and quality are vital to our national strength—they are the ingredients 
needed to carry us onward and upward to higher peaks of achievement in 
science as well as in the nonmaterial world of the mind and the spirit. 

Science, great as it is, remains always the servant and the handmaiden of 
freedom. And a free science will ever be one of the most effective tools through 
which man will eventually bring to realization his age-old aspiration for an 
abundant life, with peace and justice for all. 

Thank you very much indeed. 





in 
el 


ac 
ay 
to 
in 
re 
Co 


de 


CO 





ly. 


sic 
‘ze 


"al 
nd 
ial 
ur- 
nit 


pdge 
eing 


are 
and 


ning 
our 


it be 


ning. 
and 
ators 


ment, 
ation 
illing 
ivest- 


ild be 
ld be 


lients 
nt in 


len of 
rough 
or an 


FOE 


STANFORD LINEAR ELECTRON ACCELERATOR 21 


Mr. Fiorere. The Stanford linear accelerator will provide an 
intense electron beam of 10-15 Bev energy, by far the highest energy 
electron beam in the world. The accelerator will be designed i in such 
a way that at a later date, the beam energy could be ‘increased to 
about 45 Bev should the situation in high energy physics so warrant 
and should the Congress authorize such an extension. 

The Stanford University proposal to construct and operate this 
accelerator has had detailed review by the best talents which are 
available in this country. The endorsements which have been given 
to the proposal were based in a large part on the recognized outstand- 
ing competence of the technical staff at Stanford University. Their 
results have been impressive, and we are fortunate to have a rare 
combination of scientific talent and a unique machine. 

The proposed accelerator will not require development of new 
basic components. I am informed that, in order to build a higher 
energy accelerator, it is necessary only to reproduce a longer version 
of 2 machine of the type already in operation. The existing linear 
machine at Stanford has been successfully operated for several years 
with energies as high as 730 Mev and will reach about 1.0 Bev upon 
completion of modifications currently underway. The scientists at 
Stanford are ready and eager to proceed with this project which has 
already reached a highly developed stage. 

The project will be established as a ‘national research facility to be 
used not only by scientists from Stanford University, but from many 
other institutions in the United States. Indeed, the facility will, with- 
out question, have worldwide scientific significance in research in high 
energy physics and should present unique opportunities for a high 
degree of international collaboration and cooperation. 

The best current estimate of the total construction cost for the 
Stanford project is $105 million. In addition, $18 million would be 
spent during the 6-year construction period on research and develop- 
ment activities directly related to the construction phase of the accele- 
rator. The major part of the research and development effort will go 
toward improvement and engineering refinement of the klystron 
and accelerator components to “the stage where detailed specifications 
can be written. Although these components have been proved on a 
laboratory scale and have been used in operating machines, some de- 
velopment work must be done before they can be efficiently designed 
for this large-scale application. 

I would like to point out that once this machine is placed in opera- 
tion, the annual operating cost will be about $15 million. Because of 
the long leadtime required for the development of research apparatus 
and the need to build the research program in advance of initial opera- 
tion, we anticipate that the research-oriented operating program will 
be started about 2 or 3 years prior to the final completion of the ac- 
celerator. 

The $105 million estimate of the construction cost is based on the 
detailed experience of Stanford University in the fabrication and 
operation of existing accelerators. The proposal was reviewed by an 
independent engineering firm with special competence in accelerator 
design and engineering, the William Brobeck Associates (see p. 427 


for a copy of the review), and has been further reviewed by our own 
construction and engineering staff. 





22 STANFORD LINEAR ELECTRON ACCELERATOR 


The Commission and its proposed contractor, Stanford University, 
feel that the $105 million is a sound estimate of the construction cost 
for this machine. In view of the 6 years required to complete the facil- 
ity, however, and the many factors which could possibly arise, we feel 
that it would be appropriate for the Congress to authorize an ex- 
penditure of an additional 25 percent should cireumstances now un- 
foreseen require it. 

Mr. Chairman, in order to see that your committee has all the perti- 
nent facts before it, I have asked Dr. John H. Williams, our Director 
of Research, to present more details of the proposal to you, includ- 
ing the plan for operating the machine so that maximum participa- 
tion by scientists from other laboratories can be obtained. 

He will be assisted in this task by Dr. Leland J. Haworth, Director 
of the AEC Brookhaven National laboratory. Dr. Haworth will 
present the reasons which prompted the review panels to recom- 
mend this accelerator be approved. 

Dr. Williams will also be assisted by Prof. Edward Ginzton of 
Stanford University. Professor Ginzton will provide your commit- 
tee with pertinent details of the construction of the accelerator. 

Representative Price. Before Dr. Williams begins the testimony, 
I would like to ask one or two questions. 

In my request for the reports you mentioned in your letter I also 
include the report that you referred to in this final paragraph on 
page 2 of your statement. 

Mr. Fronerc. Yes, sir. Those will be made available to you. I 
have them here. (See pp. 235 and 251 for NSF 1956 and 1958 panel 
reports. ) 

Representative Price. And also the second to last paragraph on 
page 3 of your statement. 

Mr. Fiopera. Yes, sir; those will be furnished to the reporter. 

(The information referred to follows :) 

U.S. AToMiIc ENERGY COMMISSION, 
Washington, D.C., July 22, 1959. 
Mr. JAMES T. RAMEY, 
Erecutive Director, 
Joint Committee on Atomic Energy, 
Congress of the United States. 


DeaR Mr. RaMeEyY: During the recent authorization hearings on the Stanford 
accelerator, Mr. Ted Brown of your staff discussed with Dr. McDaniel the 
availability of any recommendations of the General Advisory Committee con- 
cerning the accelerator. 

I am attaching for the information of the Joint Committee extracts of the 
comments of the GAC pertaining to the Stanford accelerator made during its 
61st and 64th meetings. I trust that the attachments will provide you with the 
necessary information. 

Sincerely yours, 
A. R. LUEDECKE, General Manager. 


GENERAL ADVISORY COMMITTEE TO THE 
U.S. AToMICc ENERGY COMMISSION, 
Washington, D.C., February 3, 1959. 
Mr. JoHn A. McCone, 
Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


DEAR MR. McCOoNneE: 


* * * * * * * 





a 
pe 


th 
lis 


to 





pa- 
tor 
vill 
om- 
. of 
nit- 


ony, 


also 
1 on 


ee 


anel 
nh on 


r. 


inford | 


el the 
e con- 


of the 
ing its 
th the 


ger. 


1959. 


STANFORD LINEAR ELECTRON ACCELERATOR 23 


(2) SAC-GAC panel on high energy accelerators, national policy 

The General Advisory Committee approves the report of the special panel 
entitled “U.S. Policy and Actions in High Energy Accelerator — ” as an 
excellent ‘statement of the current situation and of the optimum U.S. program. 
The magnitude of the budget reaches a level, however, which Conta be con- 
sidered a disproportionate emphasis in high energy nuclear physics unless 
budgets for other areas of basic research are substantially expanded. While 
the unusually high cost of high energy accelerators is recognized, some other 
areas of science are of at least as great importance to the broad aspects of 
atomic energy, and care must be taken to give adequate support and emphasis 
to these areas. 

* >” ~ ~ - 7 
Respectfully submitted. 


WARREN C. JOHNSON, Chairn an. 


GENERAL ADVISORY COMMITTEF TO THE 
U.S. Atomic ENERGY COMMISSION, 


Washington, D.C., May 15, i959. 
Mr. JoHn A. McCone, 


Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 
DEAR Mr. McCone: 


7 : * * x a ’ a 


(6) Report of SAC-GAC panel entitled “U.S. Policy and Actions in High Energy 
Accelerated Physics” 

This report was approved by the GAC at the January 5-7, 1959, meecing of 
the Committee. The Chairman of the GAC advised the Chairman of the AEC, 
in his letter of February 3, of this action and included a supplementary state- 
ment of warning of the possibility of creating a disproportionate emphasis in 
high energy nuclear physics relative to other areas of science. 

Recently, we were informed that the President’s Science Advisory Committee 
proposed to release the report of the panel to the public after minor modifica- 
tions in the recommendations had been made relative to the MURA and Oak 
Ridge National Laboratory programs. The reasons for these modifications are, 
that since the final report of the panel was submitted, (1) MURA has with- 
drawn its proposal, and (2) Oak Ridge is in process of restudying its proposal. 

The GAC approves these modifications and, in addition, has prepared the 
following statement to be used in the release of the report, in the event it should 
be decided that the report should carry the names of all the members of the 
Committee : 

“The General Advisory ee to the U.S. Atomic Energy Commission 
approves the report entitled ‘U.S. Policy and Actions in High Energy Accelera- 
tor Physics,’ and agrees with ts recommendations and conclusions. We note, 
however, that the magnitude of Federal expenditure for high energy physics 
is reaching such a high level that it is important to insure that progress in this 
field does not interfere with the building up and orderly growth of other areas 
of basic science.” 

» * 7. + * - * 

Respectfully submitted. 

WARREN C. JOHNSON, Chairman. 


Representative Price. I think perhaps Mr. McCone can answer 
this question because it has to do with a matter of policy at the present 
and in the future, and one, I think, must be resolved on a more or less 
permanent basis. In testimony before the Joint Committee on the 
1960 authorization bill, the Commission stated that a policy should 
be established prior to the authorization of facility construction at 
the campuses of private universities. Has such a policy been estab- 
lished on this matter, and if so, what is it and how 1s it being applied 
tothe Stanford project ? 
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Mr. McConr. No, Mr. Chairman. At the present time the govern- 
mental policy has not firmly been established in connection with the 
Federal Government furnishing facilities at private universities or at 
State universities. When I mentioned facilities, and in the context 
of that statement which you referred to, I was thinking of facilities 
of a type which had more universal application to research or to edu- | 

cation purposes than a specialized machine of this type. I feel that 
it is very important from the standpoint of the advancement of science 
and the future of the departments of Government which are so de- 
pendent upon the advancement of science, that we carefully study and 
aa h an agreed conclusion as to just what role the Federal Govern- 
ment should play in supplying these essential laboratory facilities 
which are in effect facilities for the final stages of advanced , 
education. 

If it is impossible for private institutions or State institutions to 
supply these facilities, then the Federal Government has to give care- 
ful consideration to doing so. I do not, however, think that a single 
department of the Government should launch out on a program in 
the absence of an overall policy. Because of that feeling, I have 
appealed to other departments of Government to come together and to } 
establish such policies. I do not look upon this facility, however, 
as falling in the category of the type of facility that has a universal 
application to res arch and to the advanced training, although it does 
to an extent have that application. This, however, is a highly ad- 
vanced research tool which is to be built at Stanford University, as- 
suming your authorization, for the reasons that Mr. Floberg men: 
tioned in his statement and which will be expanded upon by Dr. 
Williams and Dr. Haworth. 

Representative Price. Once you enter into the policy in individual 
cases of supporting research tools on the campuses of private insti- 
tutions, doesn’t that more or less set a precedent so that you could then 
justify the construction of a laboratory on a private campus? 

Mr. McConr. No; I do not think that the building of this research 
tool on a private campus would establish a prec edent for the building 
by the Federal Government of a laboratory which had more univer: | 
sal application in the field of science than does this facility. 

Representative Price. I am not arguing against the policy because 
I personally might see the advantage to the Government in partici- 
pating ina labor atory on a private campus. 

Mr. McCone. I am not arguing against it, either, Mr. Chairman. 
I think that probably your staff noted a paragraph in a speech I made | 
at. Notre Dame University in which I supported the idea. But I} 
support it only as a part of an agreed policy. I don’t think it should ) 
be done i ina haphazard manner. 


(Correspondence on this matter follows :) 
JUNE 12, 1959. 


~— 


es 


Mr. JOHN A. McCCONE, 
Chairman, U.S. Atomic Energy Commission, 

Washington, D.C. i 
DreAR Mr. McCone: During the course of recent hearings by the Joint Com- 
mittee on the AEC authorization bill, a policy question arose regarding the} 
advisability of including as a line item in the bill a proposed radiation ¢ -hemistry | 
building at Notre Dame. At the committee’s hearing on May 8, you made the} 

following statement with regard to this matter: 
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“I think that this is a very important policy question. Here you plan to 
build on the campus of a private university a chemistry building. I think until 
a decision is reached for the Federal Government to go into private universities 
and build buildings here and there we should not do it. This is in no way to 
cast any Shadow on the very valuable work in the field of radiation chemistry 
that is done at Notre Dame. If we are going to do a thing like this there ought 
to be a policy established.” 

In an address at the University of Notre Dame on June 7, you made reference 
to the radiation chemistry program at Notre Dame, describing this program as 
one of the “pillars of our research program.” You then went on to state: 

“I can foresee a new, fine laboratory on this campus which will be devoted 
exclusively to basic research in radiation chemistry. Your faculty feels it 
essential. Ways will be found to provide it. Personally, I feel it is within the 
province of the Government to help universities with their scientific work by 
assisting them to acquire facilities essential to both Government and university 
needs. I am an advocate of these programs. I believe that our progress in 
atomic energy, in defense, and in the space age require the best in the university. 
This is the starting point, as I have said, of the search for new scientific 
knowledge.” 

In light of your testimony before the committee regarding the policy problems 
involved in going forward with the Notre Dame project as a line item, the 
committee did not include this project in the current AEC authorization bill. 
It appears to be agreed, however, that there is a genuine need in the physical 
research program for such a laboratory and that similar needs will continue 
to arise in the future in connection with research programs at other universities. 

For this reason, it would appear desirable for the Commission to give this 
policy question serious consideration with a view to developing means for meeting 
these needs as they arise in the future. I would appreciate being kept informed 
as to the progress which is being made on a resolution of this question by the 
Commission. 

Sincerely yours, 
MELVIN PRICE, 
Chairman, Subcommittee on Research and Development. 


U.S. Atomic ENERGY CoMMISSION, 


Washington, D.C., July 8, 1959. 
Hon. MELVIN PRICE, 


Chairman, Subcommittee on Research and Development, Joint Committee on 
Atomic Energy, Congress of the United States 

Dear Mr. Price: Your letter of June 12, 1959, cites statements made by the 
Chairman before the Joint Committee on Atomic Energy on May 8, 1959, and in 
an address at Notre Dame on June 7, 1959, regarding a chemistry building at 
Notre Dame, and points out the desirability of the Commission giving serious 
consideration to the policy question of construction of facilities by the Federal 
Government on the campuses of private universities. It further requests being 
kept informed of the progress made on resolution of this policy question. 

This is to advise you that the Commission has this policy question under 
study, and will inform you of the conclusions and results of such study upon its 
completion. 

Sincerely yours, 
A. R. LUEDECKE, General Manager. 

Representative Price. I think I would agree with the chairman. I 
am trying to bring out the fact that sometimes it might be to the ad-: 
Vantage of the Government to support such a project, even though 
the physical structure might rest on the grounds of a private institu- 
tion. 

Mr. McConr. That is right. I think we are in agreement. I am 
determined as far as I can have a voice to crystallize the policy in this 
area, 

_Representative Price. What arrangements are planned for the as- 
signment of responsibilities for the various phases of the architectural, 
engineering, and construction work for this proposed project? For 
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example, is it planned that the Commission will assume responsibility 
for contracting directly for certain phases of the work and Stan- 
ford will assume responsibility for contracting for other items? How 
does the plan for the arrangement of this project compare with the 
Commission's experience on other large construction projects ? 

Mr. Fiopere. The answer to your question, Mr. Chairman, is that 
the arrangements are not yet firm with Stanford University and they 
are still in the process of negotiation. The degree to which assign- 
ment of responsibility will be made to Stanford and the degree to 
which it will be retained by the Commission is now being worked 
out with Stanford, and we will hope to have an answer to that 
question in the relatively near future. 

Mr. Ramey. What are the alternatives being considered ? 

Mr. Fiozerc. The entire spectrum could be considered as available. 
In no case has the Commission considered, even though it is theoreti- 

sally possible, that it would retain the direct responsibility for build- 
ing the machine itself. The obvious minimum in a case like this 
is to have the best qualified people do both the architectural work 
and construction work on the actual machine. 

The only question that really must be resolved is the conventional 
facilities that surround or are associated with the machine, and the 
degree to which this should be turned over to Stanford as a prime 
contractor, totally responsible to deliver in effect a turnkey project, 
or the degree to which the Commission should retain the control of 
the supervision of the construction of roads and conventional buildings 
is still something that we are threshing around. 

Mr. Ramey. The Commission has had a great deal of experience 
in this sort of thing and a lot depends on the qualifications and ex- 
perience of the prime contractor and whether they have ever handled 
large construction projects, 

Mr. Fvoserc. That is obviously a true statement. The university 
has had substantial experience and we will just examine for our- 
selves whether we think this is the proper kind of arrangement to 
make with them or whether we should go along with one of our more 
conventional and conservative past lines of approach. 

Representative Price. Mr. Floberg, the language of section 2 of 
the bill is somewhat misleading to me. I will ask Mr. Toll to de- 
velop that. 

Mr. Touu. Mr. Floberg, section 2 of the bill as proposed by the 
Commission provides that the AEC is authorized to start the project 
only if the estimated cost at that time does not exceed by more than 
25 percent the estimated cost set forth in the bill here of $105 mil- 
lion. When will the Commission start this project ? 

Mr. Fuioserc. I would have thought that word referred to the 


physical commencement of construction and not just the commence- 


ment of architectural-engineering work. 


Mr. Tout. The point, as I understand it, and I might be wrong, is | 
that once the project is started this 25 percent limitation no longer 


applies. 


You say in your statement that in view of the 6 years required it 


might be at the end of 6 years that the costs might be up to $200 million. 


Mr. Fionerc. That is not what was in mind here. The 6 years | 


referred to the total period of construction and the 25 percent is a 
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typical contingency allowance that is made in public works projects 
that we submit to you from time to time. There is nothing remark- 
able about having the 25-percent expansion factor in there. It is not 
intended that we have a 25-percent margin at the time of construction 
and then a 100-percent margin at the time of completion. That was 
not intended at all. If there is any confusion about the language in the 
bill, it ought to be clarified. 

Mr. Tout. This is similar to limitations in the ordinary authoriza- 
tion bill except that some of them are only 10 or 15 percent. 

Mr. Fionerc. It depends on projects; that is true. 

Representative Price. As I read your language, you are anticipat- 
ing that there will be an escalation in costs or there could be over a 
period of 6 years and you are suggesting that future consideration 
bear that in mind to increase the authorization figure. 

Mr. FLoperc. Not to increase the authorization figure; it is to in- 
crease appropriations. We are authorized here to undertake the 
construction, Mr. Price, if, say, a year from now when the preliminary 
design work has been done, it turns out that the then current estimate 
is not $105 million but, let us say, $115 million. Then we are author- 
ized to go ahead and start turning dirt. It could be that actual figure. 
We think we have given you the best figure that is available to us as 
an estimate of cost. 

As you know, the history of accelerators is not too encouraging that 
the final costs will be what the initial estimate has been. 

Representative Price. Some have been 100 percent greater than the 
estimate. 

Mr. FLoperc. Some of them have been pretty wild, there is no doubt 
about that. 

Senator Bennerr. Is it your impression that when this necessary 
preliminary engineering and architectural and design work has been 
done that you will at that time be able to enter into a firm contract 
which can fix your costs so that with this margin of 25 percent from 
that point on you will be safe ? 

Mr. Fioperc. I don’t know if you mean a fixed-price contract, 
Senator. 

Senator Bennett. I assume you are going to ask for bids. Bids 
will be submitted, and one bid will be accepted. 

Mr. Fioserc. The prime contractor, whoever that may be, will do 
that very thing. 

Senator Bennerr. So from your point of view, after that prime 
contract has been executed with the prime contractor you should know 
exactly what your cost is going to be. 

Mr. Fionerc. It may be that the prime contractor will have to pro- 
tect himself because the subcontracts will not all be made the first 
day that construction begins. They will be stretched out over a period 
of years. While we will have a much firmer fix on it without any 
question, Senator, I can’t say that a year from today we will have a 
final picture on what the cost of this project will be. 

Representative Price. As a matter of fact, when you reach this 
point, and you find out that the project is going to far exceed the 
authorized amount, there is only one course to follow, and that is to 
come back to Congress to increase the authorization. 

Mr. Fioserc. That is precisely correct. 
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Senator Bennett. With respect to your conventional facilities, 
there ought to be enough experience so that your prime contractor can 
give you a fixed price. 

Mr. Frorerc. I think that isa fair statement. 

Senator Bennerr. So the only area of uncertainty would prob- 
ably be in the erection of the accelerator machine itself. 

Mr. Fionerc. Yes, sir; I think that is true. I think we ought to 
have a very firm fix on the conventional facilities, including even the 
tunnel. 

Senator Bennerr. I would think so. They are all truly conven- 
tional in their aspects, and the people who are in the business of offer- 
ing contracts for the construction of that kind of facility have had 
ample experience, and most of their work is done on the basis of final 
fixed quotations which are translated into fixed contracts and they 
must live up to them. 

Mr. Friorerc. The uncertainties will be in the highly technical part 
of this facility. 

Representative Westianp. Does the Federal Government have any 
investment in this project at the present time? 

Mr. Fioperc. Only in the sense that we have spent time on the analy- 
sis and study of it as far as this particular project is concerned. As 
far as the klystron tubes are concerned, the Federal Government has 
participated financially in the development of those tubes. This has 
been done through the Office of Naval Research. These particular 
klystron tubes are the foundation for the technical part of this 
facility. 

Representative WestLanp. I realize there might have been Federal 
support of research and development in an area like this. Insofar as 
this specific project is concerned, you say there is no Federal money 
invested in it at the present time ? 

Mr. Fronerc. We did hire the Brobeck firm to do an engineering 
study on the cost estimates, and we have done some core drillings. In 
that sense we have spent money on the project. There is no Federal 
investment in physical facilities because there are no physical facili- 
ties as yet, and Stanford University owns the real estate. 

Representative WestLanp. Let me ask you this: Is this accelerator 
designed to be built at any place or only on the Stanford University 
campus? For example, could it be built in Louisiana ? 

Mr. Fvosera. I think the answer to that question is, it could only be 
built wherever the particular people who are designing it would want 
to build it, because they are the only group in the scientific commu- 
nity qualified to design it. So while there is nothing peculiar about 
central California as compared to Louisiana climatic ally or other- 
wise, the fact is that you are going to have to put this facility at the 
place where the people use it. 

Representative Wesrianp. I certainly understand that. You can- 
not have it built someplace and have no one use it. I was wondering 
whether the design for this accelerator would be such that these plans 
could be used to build a similar facility in the Middle West or any 
other part of the country. 

Mr. Frosera. I suppose if you ever wanted to duplicate it, and if 
you ever had a body of scientific talents that was capable of utilizing 
it to advantage, it could, with probably relatively minor modifica- 
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tions, be duplicated. I would actually doubt you would ever want to 
duplicate this facility, however. 

Representative Price. Mr. Toll. 

Mr. Toitu. Mr. Floberg, on the breakdown of your construction 
projects data sheet it is indicated that the accelerator will cost around 
$23 million, equipment $9.6 million, and it is also indicated there is a 
15-percent contingency in there of $13.4 million. 

In many of your other items the construction costs are for buildings, 
improvements to land, utilities, and the tunnel. I wonder if the Com- 
mission needs the 25-percent flexibility on this project since a large 
percentage of your construction costs are on more or less conventional 
items, and you have a 15-percent contingency included in there also. 

Mr. Fuopere. Yes. These figures have been made up in the conven- 
tional fashion, Mr. Toll. The 25 percent overrun allowance that we 
have asked for is a conventional allowance for other projects where 
similar breakdowns of figures are made. We think, on the basis of 
our present judgment, that the $105 million, which is broken down in 
the fashion which you described, should cover the cost of the project. 

The request for the overrun allowance is in case we turn out to be 
wrong on any one of these basic facilities, principally the technical 
one. 

Mr. Tort. You already have a $13.4 million contingency here. In 
effect you are asking for another $26 million contingency, and also an 
escalation provision of $9,340,000. The estimated cost of your acceler- 
ator is $23 million and some, and in effect you are asking the Congress 
to give you an awful lot of flexibility here as to the estimated cost of 
the accelerator, which could double or more without the Congress hav- 
ing another look at this. 

Mr. Fiopere. Your arithmetic is obviously correct. I don’t really 
understand how there is any difference between this and any other 
technical project that we come in with to you. 

Mr. Toiu. A large fraction of the cost here pertains to conventional 
facilities where your costs, as Senator Bennett indicated, could be 
fairly accurately estimated. 

Mr. Fioserc. That is a true statement, that a good many of these 
conventional facilities can be pinned down quite well. If you are 
saying to me, by your line of questioning, that you think that the 
2) percent overrun allowance is too big an overrun allowance and 
it should be some other overrun allowance, my only answer to you is 
that 25 percent is one of the conventional figures that is used by this 
committee. If the committee in its wisdom decides that a different 
figure is appropriate, that is its privilege. 

Mr. Tout. I don’t believe that is on all projects. Sometimes it is 
10 and sometimes it is 15. 

Mr. Frosere. It is one of the figures. As I say, if the committee 
decides that it would prefer to use another figure, I don’t see how we 
are in a position to challenge the judgment of the committee. 

Mr. Ramey. The 25 percent is on the technical facilities and ‘it 
doesn’t make a distinction in the conventional facilities mixed with it. 

or example, if you are building the community facilities at Los 
Alamos or something like that, that is where they apply the 10 percent 
limitation. 
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nortant to the defense SV stem of the Nation and whiel 


+ 


IS also the 
Dr. Ginzton is prepared 
deseribe the details of the accelerator and the 


er source for electro) linear accelerators 


plans for its con- 


\ ite] these hearings He vw ll also tell] vou of the 
for using this accelerator including national participation by 
entists fron universities and other laboratories. 


Hetore turning to these ventlemen for such detailed presentations, 
would li ce to review DI! iefly some of the bac <vround ot accelerators 


the role ey have played in understanding the nucleus of the 


th Oo 
\lso, | would like to give you our thinking on existing and 
ire program levels. We will attempt to build on this background 


e of the reasons why it 1s considered necessarv that this country 
ceed now with the onstruction of the proposed electron linear ac- 
elerator at Stanford University. 


it est} ted by the s (C—GAC Panel that by fiseal vear 1963 the 
ost of the high energy physics program, considering only act elera 
rs presently existing or under construction, would be about $75 to 


lion per year. (See app. 2, p. 527, for SAC-GAC panel 


Representative Bares. Is that an operating cost ¢ 

Dr. Wittiams. That is the operating cost of those accelerators, plus 
e costs for their improvements required by the development of the 
technology. 

presentative Bares. It includes improvements? 
. Wiriiams. It would include improvements. 
The SAC-GAC Panel further stated that it 
ment that b 


Re 
1)) 
was their best judg- 
y fiscal year 1963 the annual cost of high energy physics, 
ncluding the expansion, would be about $135 million. The annual 
ost of the Stanford machine will be about $15 million or slightly 
more than 10 percent of the total program. 

Che ultimate goal of the Commission’s program in nuclear physies 


} 4 1 2 1 
s a complete understanding of the structure and 


behavior of the 
The importance of this knowledge is evident to you from 


1e)) 
eus. 


the applications of nuclear energy which have come from our present 
ted knowledge, which has been acquired through great effort dur- 


ng the short span of the past quarter century. This limited knowl- 
tablished that the enormous forces which bind the parts of 


edge has est 
leus together provide the reservoir of energy from which the 


world’s future power demands must be drawn. 


It has shown us how 
to make the first steps in exploiting this source of energy. ‘To under 
stand in detail the forces within the nucleus is our goal. 


Particle accelerators have been the essential tools employed by 


sclentists to take the nucleus apart in order to study its structure. 


Higher and higher energy accelerators have been required to study 
more and more detail this structure which 1s so firmly bound to- 
gether by enormously strong internal forces. Both Dr. Haworth 


ind I will return to this point later on during these hearings. 


Looking back over the past 25 years we can see that some nuclear 
i . . 
phe nomena such as the product on oft rad ouctive isotopes, neutrons, 


nd Tusio} reactions were first discovered hy the use of nuclear 


particles which are emitted by naturally radioactive materials. This 
ttee is very famil a th some of t| e earher and S mpler types 


of particle accelerators, such as eyelotrons and Van de Graatf genera 
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The first of these two experts is Dr. Leland J. Haworth, who is well 


known to you as the Director of the Commission’s Brookhaven Na 
tional Lab ratory He was also a member of the Science Advisory 


Committee-General Advisory Committee Joint Panel and was Chair: 
man of the National Science Foundation Panel on High Energy Ac 
} 


is. ; rant . : + ; ; ; 
ceierators, These panels of experts rs tO, GEVerlOp tan recommen 
I 


dations which formed the basis of our national planning in the im- 
portant forefront area of high energy a ke rators and high energy 
physics. He is prepared to present to you later today a formal state- 
ment of the si ientific reasons under! ying the selection of the 10 to li 
billion electron volt electron lineal accelerator as a tool required t 

advance our understanding of nature in the field.of high energy 


physics. He will also assist in answering, as an internationally recog 
nized authority in this field, your questions on this subject. 
Furthermore, I know that this committee will find it both necessary 
and informative to hear the tec ree ees the proposed project. 
For this reason, Prof. Edward Ginzton of Stanford University 3 
here to tell you about the proposed machine. Dr. ( tinzton, who Is il 
overall ( harge of the proje ct. is Vi ide ly ean as one ot the prin- 


ipal developers of the klystron, the radio-frequency power tube s 
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HIGH ENERGY ACCELERATORS IN OPERATION 


DOMESTIC 
MACHINE ENERGY PARTICLES LOCATION 
Synchrotron 1,4 Bev Electron Calif. Inst, of Tech, 
A, G, Synchrotron 1.5 Bev Electron Cornell University 
Synchrotron 3.0 Bev Proton Brookhaven 
Synchrotron 6.2 Bev Proton Univ, of California 
FOREIGN 
Synchrotron 1.0 Bev Proton Univ, of Birmingham, U.K. 
Synchrotron 1,2 Bev Electron Rome, Italy 
Synchrotron 3 Bev Proton Saclay, France 
Synchrotron 10 Bev Proton Dubna, USSR 


Beginning operational dates on Bev. accelerators in operation, for inclusion in 
the Stanford accelerator hearings, July 14, 1959 


Machine Year 

Synchrotron, California Institute of Technology_____________________ 1956 

Br BYMCHIOETON,. CONMEI UWRIVereier. one ee 1956 
Synchrotron: 

OR i ieee LA ek ele eS het oe ee 8 1952 

TUT IC (GUE CTOINU Rh al a 1954 

University of Birmingham, United Kingdom________________________ 1953 

ESSE ee eee Tne ee ee) eee Rae TS 1959 

WEN; Pei ei eee ee i ee 2 Ae 1958 

POOR: Ce ie sti oes ee ae ee ee eee 1957 


Representative Van Zanpr. Could you also furnish information as 
to the many improvements being made? 

Dr. WituiaMs. Yes, sir. 

(The material referred to follows :) 


Improvements made in Bev. accelerators presently operating—for inclusion in 
the Stanford accelerator hearings, July 14, 1959 





| 














| Initial operation Present operation 
Accelerator eal 
Energy | Current | Energy Current 
(Bev.) | (micro- (Bev.) (micro- 
| amperes) amperes) 
_— = i | | 
Synchrotron, California Institute of nee ‘ 0.5 10-2 1.4 | 10-? 
AG synchrotron, Cornell University_............___-- 1.2 10-2 1.5 10-? 
Synchrotron, Brookhaven 7 | 2 10-4 3 10-3 
Synchrotron, University of California..........___-____| 4 10-4 6 10-8 
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tors. These tools are still widely used in the physical research pro- 
gram of the Commission to provide the more accurate information 
needed to refine our knowledge of such processes as fusion, fission, 
and radioactive decay. 

Early clues to the even more complicated structure of the nucleus 

‘ame from the study of rare events produced by cosmic-ray particles 
Ww ith many billions of volts of energy. Unfortunately, the paucity of 
such events and the complexity of the cosmic rays reaching the earth 
makes impossible the sakaiehiadliane of truly high- -energy phenomena, 
but served only to portray to us their mystery. Cosmic-ray observa- 
tions did, however, show that it would be necessary to develop more 
powerful particle accelerators in order to provide protons and elec- 
trons with billions of electron volts of energy. The invention of such 
tools began in the late 1940’s and soon resulted in several accelerators 
with energies bet ween one-half and 1 Bev. 

Last year the Subcommittee on Research and Development of the 
Joint Committee on Atomic Energy was told of many of the various 
types of accelerators in the energy region up to 1 Bev. which are being 
supported by the Commission for studies of nuclear physics. 

For the purposes of the present hearings, we would I:ke to confine 
our attention to those accelerators which provide electron and proton 
beams with energies in excess of 1 billion electron volts. This arbi- 
trary cutoff point is chosen to encompass only those machines which 
have the power of producing detectable numbers of K-mesons. K- 
mesons are the lightest of the so-called “strange particles,” which we 
believe play an important role in the nucleus. Dr. Haworth will, 
following my statement, discuss the nature of these “strange particles” 
whose important properties are so little understood. The investiga- 
tion of the properties of strange particles is presently occupying the 
talents of a major fraction of high-energy physicists. Let us, for the 
present, confine our attention to such high-energy machines and delay 
discussing their uses. 

In the United States today we have four accelerators which satisfy 
the criterion of being able to produce energies above 1 Bev. On the 
first chart (see p. 33) are these four U.S. accelerators and the four 
foreign accelerators presently operating in the energy region above 
1 Bev. They are the electron cyclotron at California Institute of 
Technology which has 1.4 Bev. 

Representative Price. While you are doing, would you mind giving 
us the dates when each of them came in ? 

Dr. Witit1aMs. I don’t have that with me. I will make an approxi- 
mate guess which I will correct later. 

(Data furnished are on p. 33.) 
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Dr. Witutams. The CIT cychrotron is operating at 1.4. When it 
came in it was 1 Bev. It came in approximately 5 years ago. 


The alternating gradiant eychrotron at Cornell University now ac- 


celerates el trons to Lo Bey. These are s milar mach hes. They 
differ only in their current characteristics; both came in at about 
the same time 


These ire electron mat hines as distinguished from the proto} ma 


chines The two proton machines, the 3.0 Bev. at Brookhaven was 
the nrst {> 1] electron volt aecelerator in the world. Dr. I worth 
is here and is in charge of that. Many of you have seen it. The 


University of California Bevatron, which is really a cychrotron, ac- 
celerates protons to 6.2 Bev. and is our highest energy machine. 
With this we are making very many important discoveries. For exam- 
ple, the antiproton was first discovered there and some of the strange 


] 


particles which Dr. Haworth will tell you about. 


On the bottom of the chart is the foreign Situation. There are 
four similar machines. The one at Rome, Italy, has just come in 
this vear. There is one electron accelerator presently operating and 


three proton accelerators. The Birmingham one is just at the low 


limit of 1 Bev. The one Russian machine at 10 Bev. is of higher 
energy than our 6.2 although it is not nearly as effective machine 
because of the lower current. So the situation is about an equal 
number of domestic and foreign machines. 

Representative Van Zanpr. Doctor, let me ask you a question 
about the qaomestt tis, machines. Is it possible to expal d their 
energy production or have they reached the limit ( 

Dr. Wituiams. The circular machine cannot be expanded because 
the energy which IS produced is built in by the r physical dimen- 
are presel tly operating at nearly that limit. These electron ma- 
| 


sion. The only way to do it is to raise the magnetic field and they 
chines have been able to increase their energies slightly by provid ng 
more power. These are really built with this energy and can be 
extended only a little bit if at all. 

Representative Van Zanpr. Then the Brookhaven and Univer- 
sity of California machines are producing energy to the extent of 
their capacity / 

Dr. Wituiams. That is right. The experiments that can be done 
with them can be improved. 

We cannot raise the energy. In the next chart (see p. 35), I 

have listed the high energy accelerators under construction. We have 
the four machines presently under construction in this country, one 
of which is an electron accelerator being built at Cambridge, Mass., 
a joint effort of MIT and Harvard which will produce electrons in 
a circular machine at 6 Bev, and consequently cannot be expanded for 
the same reasons I just stated. 
. The three proton machines: The cyclotron at Princeton is com- 
parable to the cosmotron at Brookhaven but is a higher current ma- 
chine but to a higher repetition rate, the two machines presently under 
construction, the one at Argonne just now beginning, will produce a 
large current of 12.5 billion electron volt protons and the one which 
will be coming in shortly at Brookhaven, the strong focusing synchro- 
tron which will produce protons of energy of 25 to 30 Bey. This is the 
crop that will come into being within the next few years. 








HIGH ENERGY ACCELERATORS UNDER CONSTRUCTION 


DOMESTIC 


; fA NE ERGY PARTICLES LOCATION 
Bev Protor Princeton University 
6 Bev Electron Cambridge, Mas 
l . 
hrot 2 € Prot Argonne 
t 25-30 Be Prot ave 
, 
' FOREIGN 
e erat Bev Electror aclay, Fra 
nh ay Bev Prot ft, Netherla 
d t Bey k tr T ; Sweden 
" t Bev ectron ky Japan 
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Be Prot arwe U.K 
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that the rest of the world feels that this isan important area of research 
worthy of their support. 

Representative Price. Doctor, you may be interested in the story 
about how the Russians look upon the capacity of these accelerators, 
One country gets one of 6 billion and the next one gets 10 billion. Then 
the other jumps a couple of more billion. The Dubna Laboratory 
asked our group when we were there 2 years ago how we got the money 
to build our accelerators. We told him the legislative process of 
getting money on our program. He said, “that is not the way I under- 
stand.” He said, “I understand you get it by saying the Russians have 
a 10 billion electron volt synchrotron and we need a 20 billion electron 
synchrotron and that is how you get your money.” I said, “there may 
be something to it.” I said, “How do you get your money?” He 
said, “The same way.” 

Dr. Wru1aMs. That is certainly a very true story. On the other 
hand, I fall back on the recommendations of this panel of experts who 
saw no reason to recommend competition with this 50 Bev. proton 
accelerator. 

Representative Van Zanpr. Doctor, have you got an operational 
date on that 50 Bev. machine? 

Dr. Witi1ams. We have some guesses on it. It has been estimated 
at various time at 1960, 1961, or 1962. We do not have enough in- 
formation to confirm or deny that. 

Representative Van Zanpr. Going back to the domestic effort in the 
United States, is it not true we augment the effort with machines of 
lesser energy, which are distributed throughout the country among 
educational institutions ? 

Dr. WituiaMs. Definitely, Congressman Van Zandt. The low 
energy machines distributed throughout the universities are doing a 
great deal of very valuable work in the area of nuclear physics and 
providing very valuable data. 

The high energy machines are our forefront machines, exploring at 
the very tip of science. Both kinds of machines are working in nu- 
clear physics in various areas where different phenomena occur: 

Representative Van Zanpr. In your statement, I think you said 
the overall cost of this effort amounts to about $135 million. 

Dr. Witu1aMs. That is right. By fiscal year 1963, using the as- 
sumptions contained in SAC-GAC panel (see p. 537), the cost of high 
energy physics should reach a level of $135 million. 

Representative Van Zanpr. Would it be proper to say that, from 
the standpoint of educational institutions and the contribution they 
make in this field, non-Government money is being spent ? 

Dr. Wixu1ams. Not entirely non-Government money. It is partial 
Government money and partial local university and institutional 
money. 

Representative Van Zanpr. It is mostly Government money? 

Dr. Wiuu1AMs. The division between those two in that particular 
area of support, what we call intermediate and low energy nuclear 

»hysics—I could supply this better for the record—is a 70-30 basis, 
(0 from the Government and 30 from the institutions. 

Representative Van Zanpr. That would be in addition to the $135 
million ? 

Dr. Wiu1aMs. Yes. It is a different category. The $135 million 
is for high energy physics. 
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Representative Price. Dr. Williams, would you hazard an answer 
to this question? Looking at your chart I don’t see a linear accelera- 
tor under construction by the Russians. If the project that we are 
considering today is so technically feasible and valuable, why aren’t 
the Russians building one? 

Dr. WituiaMs. I am very happy to answer that question because it 
gives me an opportunity to say that we are indeed fortunate in this 
country to have a lead in the development of the linear electron ac- 
celerator largely based on the development of the klystron and its 
application to distou linear accelerators which is completely unique 
in the world. We are fortunate to have those kinds of people at 
Stanford. This is the basic reason underlying our enthusiastic sup- 
port of this proposal. It is clearly why we are in the lead. 

Representative Price. I notice you have one listed as under con- 
struction in France, although much smaller. Nevertheless, it is a 
linear accelerator. 

Dr. Witu1aMs. That is right. 

Representative Price. Would that indicate that they are ahead of 
the Russians in this particular field ? 

Dr. Witx1aMs. Not necessarily the Russians. On the charts for the 
future, they have planned an electron linear accelerator in the 1 to 4 
Bev. energy range at Kharkov. It is presumably to be similar to the 
Stanford one now under discussion. It is an extension of an existing 
one by a factor of about 40 over what they presently have, I am told, 
whereas we are proposing an extension of 40 over the existing Stan- 
ford one. This about catches them up to where we presently are. 
If I may turn to the high energy acceleratérs now (below) un- 


HIGH ENERGY ACCELERATORS DESIGNED 


DOMESTIC 
MACHINE ENERGY PARTICLES LOCATION 
Linear Accelerator 10-15 Bev Electron Stanford University 
FOREIGN 
Synchrotron 1 Bev Electron Moscow, USSR 
Linear Accelerator 1-4 Bev Electron Kharkov, USSR 
(A, G, Synchrotron 4 Bev Electron USSR) 
A, G, Synchrotron 7.5 Bev Electron Hamburg, Germany 
(A, G, Synchrotron 50 Bev Proton 


USSR) 
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oped to implement the construction of other accelerat ecomme! 

y the President’s Special Advisory Panel? 5 
“Dr. Wu us. The President’s Advisory Science Pan not ) 
l . need fo1 | i] Censity proto icceleratol 1 ver hig ! el 

ty proton accelerator—of energy greater than 8 Bev. There are no 
existing p! ils before any Gx vernment agency To! n 
We are presently supporting in the Commission a design group at the 

Midwestern University Research Association at Madison, Wis., \ } 


propo »>such a macl ine. We are also support nga group Oak 


Ridge National Laboratory. ee. 
Representative Price. With respect to the country’s planned future 
i a . A 
St, What does the Stanford accelerator represent i 


) P { { ; ] tha 
Dr. Witttams. If we make the assumptions hat were made b f 
SAC-GAC Panel that the cost of high-energy physics In fiscal year 
} 12+ 1] 


1963 would be $135 million a year and the Stanford one will operate | 


at $15 million or a little more per year, this is something of the ordet 


f 10 to 15 percent of the national effort at Stanford | 
Representati e Price. Making that assum} note that tne 
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tional machine omparable to the Stanford machine prior to 


ut 1963. we also note tl] 


ne special panel report also reconimie nds 
ise In support of present accelerators and the construction of ad- 
nal machines not necessarily unique to expand basic university 


es in this field. What are the snap ~ implementing these 


ymmended fields within this $135 million rate ¢ 
, lr Wu LIAMS. | e (Commission welghs p seenaii from l! diy id ial 
: petent groups Tor support. At the present time, with the on- 
ne of these new machines presently 1 inder construction and their 
mentation, our major plan is to support what we presently have 
under construction and what we have under oper: ition as our first 
prio t\ This will cause the orowth of the order of SSO m llion al 
vear With tl Stanford one added to that, then you ask what comes 
: next. If a hich intensity proton accelerator proposal comes to us 
ind it seems appropriate in our planning we would bring it to you 
i it W uld tne Ncrease the cost. f it were deemed Ld\ isable att if 
e ()n top ot that we anticipate recelving proposals of a less 
ique and less forefront character from major institutions or a 
ip of institutions throughout the country. These we have not yet 
és } received and analy zed to the state that we want to present them to 


you at this time. 
he presentative BATES. Doctor, will you er to a layman why 
you adopt a linear acceler: ator rather than e xpanding the radius of a 
x. reular accelerator 
Dr. Wituiams. | should be very happy to. In a circular accelera- 
tor the electrons must change the direction of their path. In tech- 


; nical language that means it must be continuously accelerated to the 
center. It is pulled in like a string on a Yo-yo. The amount of 
energy that you have to spend in pulling it toward the center grows 

: rapidly with the total energy of the circulated particle. Indeed it 

goes as the fourth power of he energy, the power eee ired to do th 

] ' iseless process of pulling to the center. So with : ly modest limit 

; on the amount of radio frequency power that you want to waste, the 
maximum energy that we foresee as being technically feasible is of 
the order of 7 or 8 Bey. for a circular ear e. Otherwise, the 

amount of eevee grows so rapidly that it is the fourth power of total 
ny energy. This is a practical upper limit of what you can get. 

ea Representatin Vv \N Sai Doctor, I notice in your original plan- 

ning for the Star ford machine you Sea this cost at about $80 

he million ? 

} Dr. Wintiams. That was fhe Stanford estimate. 

yak _ Representative VAN Zanpr. I understand it was $78 million. Then 

} the Brobeck Associates came through with a cost figure of $115 mil 

vs lion ? 

i Dr. Wittiams. That is right. 

the Representative Van Zanpr. Then you arrive at a current cost esti- 

sade ® mate of $105 million. Can you go into a little detail as to why the 

ate variance there between the two figures ¢ 

‘lel 

} 

the 
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Dr. WititAMs. Yes. I have in my hand here—chart No. 4—a three- 
column table showing this list which we will be very happy to pro- 


CHART 4 


Cost comparisons between Stanford, Brobeck, and AEC estimates 
















Items Stanford Brobeck AEC 
ee 
| 

(a) Engineering, design, and inspection.-...............-.---- $19, 171 $17, 660 | 7, 600 
(6) Land....--. sie ans dette has igs mite ete win Seca anno Seip cals ARS at ens Acme ee Weed aaa a he ice a a eee 

(c) Construction costs: | 
(1) Improvements to land... ...............--.--.---- 1, 799 783 1, 956 
Cy Oe eee ee id 8, 610 6, 534 10, 500 
CoP RIS 6 ond rack nvoees 4, 862 11, 858 12, 042 
icin Ee eee -| 10, 420 15, 831 | 16, 764 
CM Ee eae a oe ar eee cee 28, 292 27, 987 | 23, 789 
On LENIN os o'auchantdde anata deena wolmcacenued 6, 417 | 10, 785 | 9, 600 
RS SS Se EP Be We Ee LR EP oe Prorated 13, 156 9, 349 
Gil: SIR Sirs a3 3s eco teak ate cee Sree ae aden ten cd genetical 11, 402 | 13, 400 
ha cick idlhs ice cac pc kihbaeaettaamab bas ca aeeae 79, 571 115, 996 105, 000 


vide for the record. In fact I think in order to help my discussion 
with you I would like to give you copies of this table so that we can 
refer to it in my discussion. This table has been drawn up in terms 
of the categories on the left-hand side which are appropriate to the 
way in which we present the data sheets to the Bureau of the Budget 
and your committee. So they have to be translated backward to the 
left in terms of the Brobeck analysis and the Stanford original pro- 
posal. (a) Engineering design and inspection, Stanford, Brobeck, 
and AEC, you see Stanford and Rive aie not far apart on this. 
AEC is low. The answer to this is simply that the $18 million of 
research and development which we are asking aside from $105 million 
of construction is the way the Atomic Energy Commission runs its 
business of separating out research and development from construc- 
tion. So that the difference there is accounted for. 

As we go through this column, then, there are no really major 
differences that occur except in the matter under c-3, utilities. You 
will see that the Stanford original estimate was very much underesti- 
mated, probably from a lack of detailed engineering studies. The 
further principal differences occur under equipment in which Brobeck 
incorporated a lot in the $10 million figure as compared to the Stanford 
figure who delayed in their planning the provision of such equipment. 

However, the principal difference lies in d and e where Stanford 
had prorated an escalation based on 2 or 3 years ago and had specifi- 
cally put in no contingency figures. So we feel that if you analyse 
this table in detail that there is essentially no major difference, — 
the following: That the machine we are presently proposing to be 
built. consists of 240 klystron power tubes rather than the 480 on 
which the Brobeck analysis was made. 

Representative Price. While you are on the physical matter, I 
would like to propound a question to the Chairman of the Commission, 
and I assure him to begin with that this does not reflect my personal 
position, but this is for the record. I have observed that the best 
chance to get legislation passed dealing with finances in either the 
House or the other body is to be able to show that you have reduced 
the request. Why should the full $105 million be authorized at this 
time? Why not the initial authorization, being for the purpose of 
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taking care of design and engineering studies and associated research 
and development? 

Mr. Froserc. If I could answer your question, Mr. Price, we have 
talked this very question over at great length. Our answer to that 
question is that we feel that the scientific community that is going to 
develop this project must be given the certainty of having a real proj- 
ect on their hands in order to keep them attracted to the work in 
question. It is our feeling, based on the best investigation that we 
can make, that we have a very challenging project here. It is going 
to tax the imagination and scientific capability of one of the most 
uniquely qualified groups of people in the wee There are plenty 
of other places that they could put their interest and energies if they 
chose todo so. The best way to guarantee the maximum performance 
and a complete followup on a first-class project here is to give them 
the assurance of a final completed project to which to devote their 
talents. 

Mr. McCone. Supplementing that statement, Mr. Chairman, I 
would like to point out that this group has been working now for 
several years, as both Mr. Floberg and Dr. Williams have said, on the 
development, and they have built a small section of this accelerator 
which is operating at 730 million, and will go to a billion electron 
volts. We feel that the time has come, and the GAC-SAC Com- 
mittees have felt that the time has come to reduce this down to a 
specific project. Further postponement of considering the project 
per se and merely continuing the project in its development stages 
would have the effect of discouraging rather than encouraging the 
project and having it go forward with the vitality that is required. 

Representative Price. Has the design, engineering, research, and 
development reached the point where you are practically ready for 
construction ? 

Mr. McCone. Dr. Williams could best answer that. 

Dr. Witt1aMs. We could, I am told, and I believe, simply duplicate 
40 of the existing prototype machines. This would not be the proper 
way to build a machine in which we want complete 24-hour-a-day 
automatic operation. So there will be a necessity to make further 
developments on the components to produce reliability. In addition, 
the matter has to yet go through the detailed design stage. So it is 
more than a conceptual design that exists. An actual prototype de- 
sign exists, but it is not one that you want to apply in 40 connected 
parts. You want to improve that. That is where a lot of the research 
and development planning and money will be required. 

Mr. Ramey. You do not actually have what is called a title 1 design ? 

Dr. Witit1aMs. Not a complete title 1 design, no. 

Mr. Ramey.’I notice your data sheet shows for fiscal 1960, obliga- 
tions of $3,700,000, including architect-engineer studies on buildings, 
and actual initiation of construction on the administration building. 
So you have to have construction money for that. 

Dr. Wiu1aMs. That is right. The construction money which is re- 
quested there is largely for the construction of the facilities required 
to get this show on the road. 
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Representative Van Zanpr. Dr. Williams, your request for the au- 


{ TZ ( f $105 million, I t ra it. is based on this statement which 
1 lift from \ r statement. I quote: 
t t r rder ft build a higher energy accelerator if 1 neces- 
Sar nly to reproduce a longer version of the machine of the type already in 
pera I 
Is that correct ? 

Dr. WiiraMms. That is what is in Mr. Floberg’s statement. I 
oree \ ti t nN pletely. You could do ft that wa Hlowever. | 
think it would be improper to duplicate a machine wl presently 


‘xists 40 times when you know very well with this effort one can 

build better. more reliable and more powerful and useful 1 hinery. 
Representative Van ZAnprT. Have you a lot of the hardware already 
tilable ( 


Ty Wrrro {MS Che hardware for the one fort eth scale prototvpe 
O} EXIST his } hine has bee operating Tor years i ere is 
no hardware procured for the big one as yet We have no authority 
to do so 

Represe tative VAN ZANDT. It is voing to take 6 vears to complete 
this provect 

Dr. Wiuu1AmMs. That is the planned construction schedule 

Representative Price. I think this is the way to expedite ft pro] 
ect. I personally would be inclined to approve this plan. om a mat- 
ter of fact, I thought that way in many of the reactor programs of 


t} 


the past, but the Commission felt a little differently in those progr 
Representative Van Zanpr. May I ask Chairman McCone, What 1s 

the program of actually funding this project ? 

Mr. McCone. We will fund it annually over the period of tl 


it 

constructiol n accordance with the s hedule that we have here Che 

rst veal 3 modest. [These funds can be proy led. Fiscal 1960 
ealls for $3.7 million; 1961 for $12 million; fiseal 1962, $50 millio 
fiscal 1963, $22 million: fiscal 1964, $15 million: fiseal 1965, $2.3 m 
lion. Those are ‘he obligation authorities for the years involved. 


Representative Van Zanvr. In other words, the big expenditures 
will not take place for about 3 years. 

Mr. McCone. No. Phe expenditures would lag even behind those 
ficures. They would run $2 million fiscal 1960 and $7 million im 
1961, for a total of $9 million in those 2 years, against obligation a- 
thority of $15.7 million in those 2 years. In 1962, there would be 
an expenditure of $30 million against an obligation authority of $50 
million. Then n the subsequent years the obligation authority drops 
off and the expe il tonaia rise and then drop off more slowly. 

Representative VAN Zanpt. To keep this project on schedule con- 
struction must start in the fiscal year of 1960, 

Mr. McConer. That is correct. 

Representative Barres. Mr. McCone, I understand that the on 


ie at 
Cambridge will be completed next year. 
Mr. McConr. In about 18 months. 
Representative Bares. Will we have advanced so far on this at that 
parth ular time that we could not take advant: ige of 1 nformation 


; 


we will secure by that time from the ¢ ‘ambridge acceleratol 


t 


Mr. McCone. I w isk Dr. Williams to reply to that. 
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Over and above that, you have a desire on the part of those people 
to see that this project is satisfactorily operated, and that is not always 
present. You have the good will of the surrounding territory for the 
installation of this project. That is not always present in a location 
of this kind, or in locating a project of this kind. For those reasons 
I just want to add my wor rd in regard to the location. 

Stanford adjoins our district. “There is just the small creek that is 
the boundary between the Ninth District and the Tenth District in 
which Stanford is located. 

That is all I have to say, Mr. Chairman, unless there are questions, 

Representative Price. Thank you, Mr. Younger. We are glad to 
have your testimony. I am not aware of any controversy over the site 
selection. 

Representative YounGER. There has been quite a bit of publicity out 
in California as to a controversy by the State of Washington offering 
a free tunnel up in Congressman Westland’s district. That has been 
publicized quite a bit out there as one of the possible sites. 

Representative WestLanp. Mr. Chairman, I don’t care to reveal my 
hand completely at his time, but we do have a 2-mile-long tunnel 
in the Cascades there that you will hear something about a little 
later. I might say it would save the Federal Government a rather 
substantial amount of money if it could be used. 

Representative VAN Zanpr. If the gentlemen from California and 
Washington are not interested in this ‘project, we have a lot of aban- 
doned coal mines in Pennsylvania suitable for it and we would wel- 
come the project. 

Representative Youncer. I assure you, Mr. Chairman, I did not 
have any idea of creating any controversy here. 

Representative Price. Thank you very much. 

Representative Youncer. Thank you. 

Representative Price. The committee will stand in recess until 1: 30 
this afternoon. 

(Thereupon at 11:45 a.m., a recess was taken until 1:30 p.m. the 
same day.) 

AFTERNOON SESSION 


Representative Price. The committee will be in order. 

This afternoon we resume public hearings on the proposed Stanford 
iinear accelerator. At the start of the afternoon session, the Chair 
will recognize the gentleman from Washington, Mr. Westland, for a 
statement, 


STATEMENT OF HON. JACK WESTLAND, A REPRESENTATIVE IN 
CONGRESS FROM THE STATE OF WASHINGTON 


Representative WestLanp. Mr. Chairman, inasmuch as Congress- 
man Younger brought this subject up earlier this mor ning, I thought 
it would be of interest to the committee and perhaps to the Com- 
mission, although I believe they have heard something of this, and 
I believe Dr. Williams has heard something of this tunnel, too, I 
might start out by saying I have a tunnel already constructed. A 
tunnel which is 2.6 miles long, which is as straight as an arrow or 
anything you want to call straight. It has 2 feet of concrete around 
it, some of it steel reinforced. It is 16 feet wide and it is 20% 
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feet tall. It is through granite. You can drive up through it in an 
automobile. This tunnel is presently available. As a matter of fact, 
the gentleman who owns this tunnel, or at least has an option on this 
tunnel, is here in the audience. I ‘don’t know whether or not this 
particular tunnel will satisfy the requirements of this linear acceler- 
ator, but I know that at least in the dimensions which have been 
mentioned, the tunnel is about the same. It would seem to me that 
the Atomic Energy Commission might very well take a look at this 
place. It is up in the mountains. It isa tunnel where trains went 
through. Maybe it doesn’t have quite the climate that Stanford has 
at Palo Alto, but it is a pretty nice place, too. It is within half a 
mile of U.S. Highway 2, which is a fairly important highway. You 
ean drive right - up to it, as I said. I believe the estimated cost of 
this tunnel that you are figuring on building at Palo Alto is around 
$17 million, or something of that nature. 

I think that this committee in deference to our taxpayers, which is 
certainly an overworked word but so are the taxpayers overworked, 
would at least have the Commission take a look at this place and give 
us a report. 

One thought has occurred—the danger of earthquakes. I am told 
that this area where they are planning « on building the present tunnel 
already has one fault in it. I would like the members of the com- 
mittee who are here to just take a look at this sheet to show that I am 
not fooling, to show that it does exist. You can almost look from one 
end of it right straight through to the other. It seems to me if we 
are going to build a tunnel maybe we ought to take a look at one 
that. is already in existence and maybe save $15 million or something 
of that nature. 

Representative Price. Dr. Williams, would you care to comment? 

Dr. Witi1ams. Thank you, Mr. Chairman. I would be happy to 
comment on it. I think perhaps the best way to comment on this is 
to read from a letter which I addressed on July 2 to Senator Henry 
Jackson in response to his inquiry that we do investigate this situa- 
tion. With your permission, I think it is the most brief answer I 
can give by reading the principal paragraph of this letter. 

The Atomic Energy Commission, Division of Construction and Supply, has 
made an estimate of the comparative cost between the Stevens Pass site and 
the one proposed by Stanford University near its campus. They have found 
that locating the accelerator in the Cascade Tunnel would result in an increase 


of over $10 million in the total construction of this project. This increase in 
cost, in spite of the fact that a 244-mile tunnel is already in existence, arises 
from the following: 

1. The present tunnel would have to be widened from its present 16 feet to 
24 feet in order to provide minimum space for the high power microwave 
electronics. 

2. This tunnel must be pressure grouted to eliminate the inflow of water and 
provided with a concrete floor. 

3. A parallel tunnel, 10 by 16 feet in cross section, is necessary to contain the 
accelerating tube itself. 

4. The isolation of the site would result in increased labor costs. 

5. Housing would have to be provided for the construction and scientific 
Workers as the nearest town is Wenatchee, 65 miles away. 

6. The heavy snowfall in this region would necessitate a heavier roof struc- 
ture for the laboratory buildings and in general would impede construction. 

In addition, it is estimated that the operating costs, once the construction 
is completed, would be at least $14 million more for the Stevens Pass site than 
the Stanford location. In view of the increased construction and operating 

43633 O—59——4 
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it is estimated that the operating costs, once the construction is 


ed, Would De at least $1,500,000 more for the Stevens Pass site than the 
I 1 const t and operating costs, the Atomic Energy 
e C ! ssion feels that the Case; de tunnel site should not be considered further 
W ypreciate 1 ich y¥ prompt action in calling this matter to our 

. ; 


JOHN H. WILLIAMS, 
Director, Division of Research 
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ire é vid feet, a height of 21.5 feet, and a 
it g S73 feet I uld be necessary to widen it to the same width 
T s e Stanford equipmer Inne 24 feet, and to drive a second tunnel for 
? era 0 feet by 16 feet, connecting the two tunnels with laterals every 
- Be 250 f In addition t dening the existing tunnel, it would be necessary 
e essure grouting ng some 10,000 feet of its length to cut down 
n the vy of water, to make repairs to the concrete lining, and to construct 
| ete fleor slab Assuming purchase of the tunnel at Mr. Lomen’s price 
es the tunnel construction would cost $11,500,000 at the Cascade site 
WO | $ ared with the $18,000,000 included in our estimate for the Stanford site 
Le- rent ng of $7,400,000 is we below the substantial addi 
; | f Ost vhich w 1 be incurred due to the isolation of the site, the moun 
to nous nature of the country, and severe climatic conditions These additional 
mstruction costs amount to 818,190,000, as described below 
pe } ( the principal factors uld be the increased cost of labor. Because 
Cll t f tl ite, ] sts estimated at about $6 per day extra 
st Wn S ion man-hours that would be required 
or Cu aA 
r area has an average snowfall of approximately 30 feet, of which the 
isual accumulation amounts to 8 to 12 feet Due to this snowfall, it would be 
Up eces f xtren heavy roof construction to be used or some type of 
Q] e 9 ‘ ead ted The ext st is estimated at S470.000 
Housing fi ibor could not be found within reasonable commuting distances 
nd construction of a labor camp, probably accommodations for trailers, would 
e necessary [It is estimated that 1.500 trailer spaces would be necessary at 
ts st f SBP 50.000 
Because of unfavorable conditions at the Cascade site. such as the shorter 
mstruction season, heavy snowfall, freezing weather. increased travel costs, 
9, ete., it is estimated construction costs would be increased by $1 million. 
ned There are no communities of any size near this site, the closest cities being 
the® Wenatchee on the east and Everett on the west. It will probably be necessary 
nstruct at least.500 houses for the erating staff at an estimated cost 
has f §$7 5OOLOOO 
i thet At the Stanford site it is planned to obtain water and sewage services fron 
ha luniCcipa ystems \ sewage disposal system WH! have t be constructed 
ver nd a water supply developed at the Cascade site. These facilities are esti 
e ited at 600.000 


the The additional costs described above total $18,190,000 which, when reduced 





by the es ed saving in tunnel construction costs, leaves $10,790,000 as the 
fet herease in the capital cost of this project over and above the cost if nstructed 
wal Cst a 


In addition to the above, the 10-foot tunnel for the accelerator itself must 
water} Se absolutely level Since the Cascade tunnel, which would house the kyls 
trons, ete., has a vertical slope the power losses occasioned by additional 


nraine ‘eneth of he connecting wave gi le would be substantial 
An onsite inspection conducted by Commission engineers indicates that the 
terrain at both portals of the tunnel is very rugged and traversed by sizable 
tifep Streams 
No adequate land for buildings or experimental areas is available. 
roo! 


Representative WrstLanp. I may reply to some of this. 
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Representative Price. Doctor, may I ask this question : \ 
Was your attention called to the availability of this tunnel by I 
contact with Senator Jackson and Congressman Westland ? ’ Jacl 
Dr. WiitraMs. That is right. It was brought to our attention by por 
Senator Jackson. hon 
Representative Price. What study did you make as to the useful- we: 
ness of the tunnel ? of ¢ 


Dr. Witi1ams. We were provided with the engineering drawings wou 
of the existing installation. We did not visit the site. We had an | but 


engineering drawing of the elevations and plans of this tunnel. ; Se 

Representative Price. Your finding, on which you base your reply __ the’ 
to the Congressman, is based only on this engineering drawing with- A 
out any on-site inspection. D 


Dr. Wituiams. That is right. If I may, I would like to ask Mr. | grot 
Radley of our Division of Construction and Supply to supplement any __geol 
statements which I am making because I personally did not do this, this 
It was under his direction. to t] 

Mr. Rap.tey. We worked from drawings and available information does 
provided by the holder of the option for the tunnel. We got some | have 
information on the climatic conditions from the Weather Bureau and | eart! 


used maps to try to find out what towns are in the vicinity. We Se 
could not find that there were towns of any size that they might be bein 
able to house our construction workers and the staff who will operate Di 


the accelerator. We expect that there will be a permanent staff of team 
about a thousand which means that there would have to be quite a} over 
bit of housing for such a group. can } 

Representative Price. Aside from the physical points that you raise Se 
and the difference in cost, are there any other requirements that this} re 1 
site might fail to meet. Would it meet your normal requirements | this: 
otherwise ? / Dr 

Mr. Raptey. We would have to develop a water supply at this par- Di 
ticular site which I don’t think would be particularly costly because} Se 
there appears to be a stream flowing near there. I think power could{ very 
be had in the vicinity. I think there are some transmission lines Dr 
there. There seems to be some question as to the availability of Calif 
sufficient level land at either end of the tunnel for the buildings which  sulte 





we would have to put up. Then there would be a great deal of diffi Se 
culty with the heavy snowfall. It totals around 30 feet year, accord- | I am 
ing to our information. profe 


Representative Price. Senator Jackson, Congressman Westland; the a 
‘aised the point of the availability of the tunnel in Washington State! know 
as a site for the proposed Stanford linear accelerator. That is the} Dr 
point we are discussing now. p Ser 

Senator Jackson. I am sorry that I was on the floor and could not} = Dr 
be here when Congressman Westland asked the questions. I did} Rey 
receive the letter from the AEC on this, and as I understand the situ-| Mr 
ation, they raise a question—I don’t have the letter before me—about | _ Rey 
the problem in connection with high snowfall and the distance from There 
the nearest town. Actually there are communities nearer than} Partic 
Wenatchee to the site of the tunnel. What I was interested in know-| ‘tated 
ing was to what extent was it important that the people who are nov} hatch 
at Stanford and pioneered the work in this field, which I understand | Prine! 
goes back to World War IT, be in the bay area, so to speak. additi 
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Mr. Rapiey. I think perhaps Dr. Williams should answer. 

Dr. Witttams. May I address myself to your question, Senator 
Jackson? It is certainly a matter of very great and powees im- 
portance that people be at that site and living there and make their 
homes there and exist as an integrated community. The reply that 
we addressed to you was confined “only to the matter of the economics 
of construction. On that basis we demonstrated, I think, that there 
would not be a saving from the utilization of this narrower tunnel 
but would actually turn out to be a greater cost. 

Senator Jackson. Doctor, what about the possibility of damage in 
the California or Stanford area by e: urthquake 

As I understand it is in the area of the San Andreas fault. 

Dr. Wittiams. In that case we have had five different independent 
groups of geologists look at this situation and assure us that within 
geologic history there has never been a fault at the actual location of 
this tunnel. There are certainly tremors and earthquakes but due 
to the design of this machine it is not sensitive to an earthquake that 
doesn’t cause an actual fissure of the earth. The existing installations 
have operated there for years without the slightest damage from the 
earthquakes that do occur. 

Senator Jackson. Isthere substantial reason to believe that it might 
be in an area where damage might occur ? 

Dr. Witu1aMs. This is a matter of geologic opinion. We have five 
teams of people who have said no. I would not make myself an expert 
over five teams of geologists. For more detail, Dr. Ginzton is here and 
can provide you with the names of those people. 

Senator Jackson. You don’t have to be qualified in this field. You 
are relying on people who are qualified. What I want to ask you is 
this: Dids any of the geologists dissent / 

Dr. WitttaMs. I will have to ask Dr. Ginzton to reply. 

Dr. Ginzton. The answer is “No.” 

Senator Jackson. I take it they are people who are considered 
very competent in their field. 

Dr. Ginztron. Yes, sir. For example, Professor Richter of the 
California Institute of Technology was one of several experts con- 
sulted. 

Senator Jackson. I am not familiar with the experts in the field. 
[am taking your word for it. The point is that you got the best 
professional people. You say they are of unanimous opinion that 
the area is suitable despite the fact that it is not far from what is 
known asthe San Andreas fault. 

Dr. Wittrams. That is right, sir. 

Senator Jackson. It is quite an investment they are putting in. 

Dr. Wittiams. We are very conscious of that. 

Representative Price. Thank you. 

Mr. Westland, do you have any further questions ? 

Representative WestLanp. I might only add this, Mr. Chairman. 

here is no question about any geologic fault in this area where this 
particular tunnel is located. As the Senator from Washington has 
stated, there are other communities considerably nearer than We- 
natchee. This is accessible at the present time by automobile off a 
principal highway, U.S. 2. It is already built. It would require 
additional building. It would seem to me that an estimate of cost 
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from merely a technical drawing would hardly be conclusive. The 
Atomic Energy Commission might very well make an onsite inspee- 
tion of this property and see whether or not there is any justification 
for the possibility of its use. 

Dr. WILLIAMS. 1 will take personal responsibility to see that com- 
petent engineering people do inspect this site. 

Representative Price. May the Chair suggest that the Commission 
take a further onsite look at this area and then re port back to us your 
findings. (See p. 47 for backup information furnished by AEC. 

Mr. Fronerc. Yes. We have no hesitation at looking at Congress- 
man Westland’s tunnel. We will certainly do that. 

Representative Price. Dr. Williams, before we proceed with the 
Commission testimony we will call our colleague from the House, 
Congressman Gubser. 


STATEMENT OF HON. CHARLES S. GUBSER, A REPRESENTATIVE 
IN CONGRESS FROM THE STATE OF CALIFORNIA : 


Representative GuBser. Thank you, Mr. Chairman, and members 
of the committee. 

I would like to express my thanks for the opportunity of appearing | 
before you in favor of bills to authorize the construction of a linear 
electron accelerator at Stanford University. As you know, I have 
introduced H.R. 7468 for this purpose. [ 

Since technical testimony will be presented by experts, I shall confine | 
my remarks to the facilities available at Stanford and the outstanding 
personnel which would construct and operate the accelerator. Stan 
ford University is situated in my congressional district and I have 
had numerous opportunities to observe the high quality of scientific 
research which is conducted there by some of the outstanding sclen- 
tists of our time. 

Stanford University has a a background of experience in the 
linear accelerator field. It dates back to the midthirties when the| 
brilliant late Stanford professor, William Webster Hansen, discovered 
the rhumbatron. This development became useful in 1948 when the 
multimegawatt klystron was nary ‘loped. This was another Stanford 
invention developed in 1937 by the Varian brothers working. with 
Professors Hansen and Webster and research associates V. R. Wood-| 
yard and me ..Ginzton. Though it is material to this hearing only 
insofar as it dramatizes the outstanding qualifications of Stanford 
personne l, [ yaa ‘| it should be mentioned that the klystron deve lopment 
played a vital role in the air superiority of the Allies during World 
War II, especially during the battle of Britain and also in antisub | 
marine warfare. 

Since 1946, Stanford scientists can proudly point to a series of] 
major scientific breakthroughs which have demonstrated the feasibil-| 
ity of the linear accelerator. Since 1946, 10 linear accelerators have 
been constructed at Stanford or under Stanford's direction. It i 
well known that several nations are either constructing or are consid-| 
ering construction of Standfordlike accelerators. In nearly all of] 
these cases the large machines are either patterned after the Stanford 
machines, employ Stanford-trained personnel, or have borrowed| 
Stanford members for restricted periods of time. I do not believe it 
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san overstatement to say that no institution has had more to do with 
oe the linear accelerator possible. 

While the machine would be a national asset and available to quali 

“i scientists from any institution, it Is umportant to note that its 


ocation at Stanford would be with one of the outstanding physics 
faculties oF the world. It is relevant to note that the physics depart 
nent at Stanford has had six men named to the National Academy of 
Sciences since 1948, and two physics professors, one of whom is now 
it Oxford University, have been Nobel Prize winners since 1952 

\ ituralhy , real estate is important in select liga location for such an 


rtant plece of machu ery Stanford University has ¢ ffered £00 

f its can Basa site. Liv ne and niatl ; Ss are con- 

lered ideal and constitute an unmatched environment for research. 
site is centrally located to a rapidly developing electronics in 

. a manutacturmg and research facilities of the I sckheed 
Missiles System Division, Ames Laboratory of N are » Univer 

{ EN lifornia, the Un versity of Santa Clar: San oa state 


eve, al nd San Francisco State College. 
(1reog! ip! MICA lly, the Sta nford site cannot be s irpassed, but ] am 
su that this committee will wish to oive even greatel! weight to the 
superior quality ot personnel which is available at Stanford to con 


1 


struct and operate this investment of $105 million in the future of our 


OD i¢ 

lo summarize, Mr, Chairman, let me say that the Hansen Labora 

ries at Stanford are now known as one of the world’s foremost re 
seal centers in the field of microwave techniques. The university 


i 
is at the present time the largest single group of men who have 
experience In developing a machine of the proposed type and are 
ju fied to build and operate it. 
We are fortunate ng rt to have before us a proposal which ideally 


combines an excellent location with a high and readily available in- 
ventory o1 scientific eal and demonstrated ability. ] sin- 
erely urge the committee to approve Stanford’s proposal and wish te 
th K VOU 1Ol hearing ine today. 


Representative Price. Are there any questions from the committee ? 

Chairman ANpberRson. I wonder if anything is going to be done to 
ry to give title to the U hited St: ites before this is buil i Members of 
the Commission will res ‘all that we had : al proposal to do some building 
at Notre Dame and because it was priv ate land we left it out of the 
research program this year. I would not want to be in the position 
of reject Ing Notre Dame and taking on Stanford. 

Representative GuBser. Senator, that is a question, with your per- 
mission, 1 would lke to defer to the representatives of ‘Stanford 
C hive rsity, who are present. 

Chairman Anpgrson. Is there someone from Stanford who ean 


answer / 


STATEMENT OF ROBERT MOULTON, ASSISTANT TO THE PRESIDENT 


OF STANFORD UNIVERSITY 
Mr. Movunrrox. I am Robert Moulton, assistant to Dr. Sterli 


_ 


nder the provisions of the will of the Stanford family, the Stan 
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Chairman Anperson. Therefore, the Government could not get title 
to this land. 

Mr. Moviron. That is correct, sir. 

Chairman Anprerson. Do you know anything about what we would 
be up against in connection with this?) We have turned down other 
universities where it is privately owned and refused to put facilities 
on these grounds. We turned down this one at Notre Dame in the 
last appropriation bill. Can you give us any reason why we should 
turn down Notre Dame which is a Catholic institution, and take 
Stanford, which is not connected with any church? You know what 
we would be into right away. Everybody would say that they re- 
jected this Catholic institution and took on something else. There is 
nothing of that nature involved in it but how will you explain it? 

Mr. Movtron. It is our understanding that there is precedent for 
long-term leases at very nominal fees. 

Chairman Anperson. For construction of a $100 million Govern- 
ment facility ? 

Mr. Movtron. Perhaps not at that dollar magnitude, but at signif- 
icant dollar levels. 

Representative Van Zanpt. If the gentleman will yield. 

What is the nature of this lease? What kind of lease is it? Is it 
indefinite without compensation ? 

Mr. Movtton. It was assumed that this would be part of the con- 
tract negotiations. 

Chairman Anperson. Assumed that what would be? 

Mr. Movtron. The lease terms. 

Chairman Anperson. What are they ? 

Mr. Movtron. They have not yet been discussed. 

Chairman ANnperson. You do not have a proposal before the 
Commission ? 

Mr. Movtron. For a specific lease ? 

Chairman Anperson. Yes. 

Mr. Movtton. No, sir. 

Chairman ANnperson. How can you consider the money if we do 
not know what the land cost will be ? 

Mr. Movtron. It is understood that the length of the lease is not 
determined but that there would be no charge for the land. 

Chairman Anperson. You do understand that this committee is 
being asked to vote $105 million. Would you not think part of the 
agreement would be where they are going to put the thing? 

Mr. Moutton. The location is specified. 

Chairman Anperson. I understand. Suppose I said I would like 
to build a building out at 14th and H Streets—I hope there is a big 
one there—but I say these people own the land and I think they 
will make terms with me. Therefore, I will start constructing it. 
Do I understand that you have made a firm offer to the Atomic Energy 
Commission or have not? 

Mr. Movtron. We have made a firm offer with the understanding 
that there would be nocharge for the land, Senator. 

Chairman AnpErRson. What was the firm offer? 

Mr. Movu.ton. That there would be a long-term lease which would 
be mutually agreed upon and with essentially no charge, that is to 
say, a dollar a year or something of that sort. 
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Chairman ANpDERSoN. How long a term? 

Mr. Moutton. This was not specifically discussed. 

Chairman ANDERSON. How long can you under the will, 49 years 
or 99 years? 

Mr. Mouton. Ninety-nine, I believe. This is not under the will, 
but under State law. That is the longest. 

Chairman Anperson. I am not sure it is not in the will. 

Mr. Moutron. It may be both. 

Chairman ANnperson. I am not talking about the terms of the will. 
You will have to do under State law what is provided for in a will. 

Mr. Movtron. That is right. 

Chairman Anperson. How long can you lease property ? 

Mr. Mouton. Under State law 99 years. 

Chairman Anperson. Mr. McCone, do you regard that as sufficient 
title? 

Mr. McConr. Yes; I do. The basis on which we are discussing 
this matter with Stanford is a long-term lease, the exact term of years 
not definitely agreed upon, but at no cost to the U.S. Government for 
the use of the land. That is clearly understood by the officials of the 
university as the basis upon which, and the only basis upon which 
we will consider going forward with this project. 

Representative Price. What do you have at Berkeley ? 

Chairman Anperson. That is a little different. That is a State in- 
stitution. 

Mr. McConr. That is a State institution. I believe there is no 
compensation for the land, although I believe the title to the land 
rests with the university. 

Chairman Anperson. Mr. McCone, you were just out at Notre 
Dame making a fine aa You are interested in that school. We 
all know it is a fine school. We felt that we had to eliminate a pro- 
vision for some special money in this last appropriation authoriza- 
tion bill because it involved the construction on privately owned land 
and the expenditure of many millions of dollars on privately owned 
land. 

I would feel very sorry if we turned Notre Dame down and turned 
around and did something at Stanford so that people could say it was 
the wrong basis for rejection. 

Mr. McCone. I do not know the reason why the committee did not 
act on Notre Dame but the reason that I did not support the Notre 
Dame proposal, as I testified before the committee and stated this 
morning, was because it involved the building of a facility at a private 
university, and the same is true of a State university, in the absence 
of any Federal policy concerning the placing of facilities of that type 
on universities. 

The issue was not in the case of Notre Dame, as far as I was con- 
cerned, the possession of the parcel of land on which the building 
was placed. 

Representative Price. I could give you the reason why the com- 
mittee did not act. We had no recommendation from the Commis- 
sion on the project in this year’s authorization bill and, therefore, we 
did not want to pick up a project which does have high priority but 
was not recommended to us, with this policy undecided. 
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For that reason I differentiate between the two. 
Chairman ANperson. I think you have helped us a good deal. 
Therefore, the peculiar nature of this accelerator, the fact that you 
Sil to ave it located in a certain area and have a certain size and 
rtall ength, makes it desirable to go thead and construct it in 


the Stanford area / 


Mr. McConrg. That is correct, 

Chairman ANprerson. Whereas the laboratory could just as well 
ive constructed it in any one of 48 different State universities pro 
ding the preliminary work had been done there. 

Mr. McCone. That is correct. 

eer. Price. I want to thank Congressman Gubser for his 


testimony. If there are no further questions of him, he may be ex 


used. 

Now, we will resume with the testimony of Dr. Williams. 

Dr. Williams, will you proceed with your statement? 

Dr. Wittrams. Thank you, Mr. Chairman. 

I would lke to begin again in the middle of page 6 of my prepared 
tatement since the material at the end of page 5 and the beginning 
f page 6 has been covered more than adequately, I hope, by the ora] 
resentation while discussing the charts. 

I should not leave you with the impression that energy is the only 
nportant characteristic of an accelerator. Of almost equal import 
nee is the attribute of how many high-energy particles per second 
an be produced by the accelerator; that is, what is its capacity for 


producing a high current of particles? 


The next chart shows er: iphically the currents produced by machines 
ow in operation, those anti pated from machines under construction 
nd those thought to be potentially available from machines which 
ire under design. 
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We have plotted here on this chart vertically the current. I hope 
you will notice the compressed scaie. The current scale is in factors of 
10 million energy in the billion volts. We are confining our attention 
to an accelerator above 1 billion volts. The currents of this 10-billion- 
volt accelerator at Moscow is 107° amperes. Argonne National Lab- 
oratory here a few times 107°. The Cambridge accelerator 10-". The 
anticipated current from the Stanford accelerator, as you see, is at 
least 50 times greater than from any accelerator presently planned or 
in operation. 

This is a very important attribute I wanted to bring clearly to your 
attention. 

Passing then, to the bottom of page 6, I would like to say that one 
further attribute of the proposed machine is that the accelerated 
particles will be electrons. In many experiments they are a more use- 
ful “projective” than are protons because they make possible a detailed 
probing of the purely electrical structure of atomic nuclei and even 
of the elementary particles, protons and neutrons. 

In fact, some of the most significant experiments of the last few 
years, representing a start in this direction, have been carried out at 
Stanford with their 700-Mev. machine. 

The point that we would like to emphasize is that an electron 
accelerator which has the combination of high energy and high cur- 
rent would make possible the continued study of nuclear structure in 
greater detail. Furthermore, the capabilities of the Stanford accelera- 
tor would be unique for the foreseeable future. 

The 10 to 15 Bev Stanford linear electron accelerator will be de- 
scribed in detail later by Dr. Ginzton. For the present, I would like 
to give you a general description of its nature. 

his is an artist’s conception of this machine in which these two 
tunnels extend 2 miles in length, this inset being a cross-section of the 
twotunnels. (See Ginzton’s statement, p. 156.) 

The larger one is 24 feet across and is required to house the 

klystrons and the electronic gear. The smaller one, 10 feet across, is 
required to house the accelerator. They are separated by 35 feet of 
earth so that personnel may operate and maintain equipment in the 
large tunnel while the accelerator is running in the small one in order 
to protect themselves against the radiation. 
_ The accelerator consists of essentially a long pipe. Electrons are 
introduced at the end of that pipe, are accelerated by the electric 
field set up in that pipe by the klystrons and emerge at the end of 
that pipe, having traveled 2 miles with an energy of 10 billion 
electron volts, or more. 

How much more depends upon the power delivered to that pipe by 
the 240 klystrons attached to it. Dr. Gintzon will explain this in 
more detail to you at a later time. When they leave the end of 
this pipe they enter a system of magnets so that they may be deflected 
ina variety of areas. 

This picture should not contain this large area here. The picture 
was drawn for the original Stanford proposal of a 45 Bev. They 
will enter three possible areas, two within this house and one in an 
outdoor yard. 

_ Representative Van Zanpr. Doctor, will you translate the energy 
Into speed ? 
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Dr Wintutrams. The speed of an electron of this energy 1S So close 


to the velocity of light as to be insignificantly different. That is 
186,000 miles per second. The speed is acqt tired very rapidly and 
reaches that value in the first fe W feet of the necelerator. The addi- 


tional energy given to it simp rly Increases the mass of the electron. 

Representative WestLanp. Doctor, how much do you need in terms 
of kilowatts / 

Dr. Wituiams. The total connected electrical load in this phase that 
we are talk ng about tod: uy is 60,000 electrical kilowatts. 

Chairman Anperson. Will you use it steadily ? 

Dr. WitttaMs. That will be the load in operation. The plans are 
to operate this machine 24 hours a day. 

Chairman ANperson. You might as well build an atomic plant 
there. 

Representative Price. Is there any question of a power supply? 

Mr. McCone. No, there is no question. 

Dr. Wituiams. I would like to turn then, to the middle of page 8 
in my prepared testimony since what I have just said is contained on 
pages 7 and 8. 

Chairman Anperson. You discussed this Washington situation a 
minute ago and said it would be probably more expensive to build it. 
With 2-mill power at Bonneville as against 6 or 7 mills P. G. & E, 
will charge you, how much would you save a year if you operated 
24 hours a day at 60,000 kilowatts ¢ 

Dr. WituraMs. I have not made that caleulation. I would submit 
it for the record. It would be a significant amount and I would be 
happy to make the calculations and provide it to you, sir. 

Chairman Anperson. Thank you. 

Dr. WitutaMs. If I may then proceed, the availability of a site, 
at no cost, located only a few minutes away from the Stanford cam- 
pus, is particularly fortunate. It will thus be possible to utilize the 
Stanford scientific staff in the design, construction, and operating 


phases of the project, which could not be effectively done at any 


other location. 


Next, I would like to describe the Commission’s review of the | 


project. Asis our practice, the Commission has subjected the proposal 


to an intensive review by its own scientific staff and by outstanding | 
scientists in the field. This review during 1958 indicated enthusi- | 


astic agreement on the technical feasibility and desirability of the 
project and the special competence of the Stanford staff. The AEC 


did not carry out any further independent review because of the | 


thoroughness of the NSF and SAC-GAC review panels. (See pp. 
235 and 527.) 

Following the scientific review of the Stanford proposal the Com- 
mission employed the firm of William Brobeck & Associates to review 
the engineering concepts of the proposal and to analyze the estimated 
costs. 

Brobeck employed Kaiser Engineering to assist his firm in ee 
the construction costs. The Brobeck an: alysis was finished in June 
1958 and serves as the base upon which our estimates of the aed of 
the present construction proposal was made. 

Subsequent to the submission of the Brobeck report, further refine: 
ment was made to the cost estimates by consultation between the 
Stanford staff and the AEC staff. The condensed version of this 


_—-. 
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itest unalysis, in mayor categories, is presented in the data sheets 
which you have before you. 

Full authorization is requested at this time since the principal 
features of the machine are established now and do not require that 
ne await completion of design. Furthermore, full authorization now 
will give Stanford assurance of the Government’s intentions to carry 
the project through to completion. 
pers ator will, of course, upon completion, be oper: — as a 
ational facility. Stanford University recognizes this fact by sug 

{ the creation of a board of directors, to be responsible to the 
president of Stanford, which will establish basic policies for the 
project, select its director, and otherwise control the activities of the 
project to guarantee its role as a national facility Che board shall 
' f pron inent scientists and administrators from several 

es and research estal lishments in the United States. 
Mr. Chairman, with this background I would like at this time to 


bmit for the information of the committee and for the record an 
elementary statement of the fundamental principles of high energy 


Representative Price. Without objection, it will be received for the 
record. 


: . 
| ; mant rat if 


( eferred to is in app. 3, p. 539.) 

D1 Ww iLiaMs. As I have said before, the fundamental goals of the 
study of high-energy pl ysics can only be attained by using accelera- 
tors as bene wit] whiel n to probe the nucleus This interrelationship 
between accelerators, high-energy physics, and the nature of all matter 


is the subject of a primer which was prepared for the SAC-GA( 


We in the Commission have found this elementary statement of a 

ost complex subject to be accurate and understandable. We would 
hke to request that this document be included in the record since we 
feel that all those who have the opportunity to read the record of these 
ll want to study the excellent report with special care 
Its content supports the basic justification of the present proposal that 

t necessarily rely on its contribution to the scientific knowledge 

Following any questions which you may care to ask, Dr. Haworth 
is pre pared to expand on the material given in the elementary state 
ment and to explain the relationship of the proposed St: anford accel 
erator to the problems at the forefront of high-energy physics. 

Representative Price. Thank you, Dr. Williams. Are there 
questions of Dr. Williams ? 

Mr. Van Zandt ? 

Representative Van Zanpr. Doctor, have the Brobeck people sub 
mitted an estimate of cost on the present proposal ? 

Dr. Witiiams. Not on the existing proposal, which is modified 
from the one which they analyzed principally by reducing the number 
of k lystrons from 480 to 240. 


hearings Ww 


any 


Representative Van Zanpr. In your testimony you state that the 
beam e nergy will be increased to 45 Bev. Can you give us an estimate 
of the cost of the increase / 

Dr. Wititams. To do this at the present state of the art of klystron 
development we anticipate the need to put = tsp as many klystrons 


on it. That is going from 240 to 960. We hesitate to give you an 
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exact estimate simply because it won't be done until the need arises, 
which will be many years from now after construction and operation, 

At that time the capability of klystrons may be different in cost, but 
we can only give you an order of magnitude estimate by referring 
back to the Brobeck original size which showed that the cost of going 
from 15 to 25 to 45 was of the order of $10 million. 

This was a right order of magnitude of cost, $10 million more to go 
from whatever the machine is operating at to 45 Bev. 

Representative Van Zanpr. Then we can expect the Commission 
will request authorization ? 

Dr. Witi1ams. We would request authorization for any extension 
past the 240 klystron system that we are presently proposing to you. 

Representativ e Price. How much difference is there in power con- 
sumption as you move up ¢ 

Dr. WitiiaMs. The power consumption will increase linearly with 
the number of tubes, which is a factor of 4, and also the power output 
of those tubes will have to grow in time by a factor of 2. 

The radio frequency power consumption will increase by some 
factor of 5 to 10. 

Representative Price. Dr. Williams, were comments obtained from 
outside experts on the Stanford accelerator as was done in the MURA 
proposal in 1957 ? 

Dr. WitiiAMs. We did not get them from as many but we got them 
from the order of half a dozen people. 

Representative Price. Could you provide that for the committee 
files ? 

Dr. Wiiu1ams. We would provide that. We would protect the 
anonymity of our reviewers, of course. 

(A summary of the material furnished follows :) 


SUMMARY OF OUTSIDE TECHNICAL REVIEWS OF THE STANFORD PROPOSAL FOR 
INCLUSION IN THE STANFORD ACCELERATOR HEARINGS 


The original Stanford proposal (April 1957) was submitted to seven outside 
reviewers for comment with particular emphasis to be placed on the technical 
feasibility, research potential, and the soundness of the cost estimates for the 
machine, as well as the technical abilities, size, and overall competence of the pro 
posed staff. A summary of their replies follows: 


1. No question about the technical feasibility of the proposal. Cireular ma- | 


chines impractical above 8 Bev. Suggest modifying AGS to make a 12-15 Bev. 
electron machine, or using the gamma rays from the AGS which may provide a 
well-collimated high-intensity source. Has high regard for Stanford people. 
Main reservation: Is the high cost justified? 

2. Technical feasibility undoubted. Research potential very great. Would 
prefer over MURA machine if choice is necessary. Stanford people of highest 
competence. Questions choice of site in that flat area would be better. 

3. Enthusiasm and ability of Stanford group greatest asset. Mentions short 
duty cycle compared to synchrotron. Gives an off-the-cuff opinion that 50 Bev. 
synchrotron would be cheaper. Recommends approval. 

4. Technically feasible. Would provide diversity compared to our other ac 
celerators. Technical staff without peer. Gives proposal strongest endorsement. 

5. Doesn’t question technical feasibility, but characterizes proposal as “brute 
force” approach. Claims CEA will have current only one-third less than Stan- 
ford and a duty cycle 1,000 times better. Questions Stanford's ability to de 
velop klystrons to necessary power rating for stage II. Scientific value of such 
a machine could be better assessed when CEA results are in. Is worried that 
undertaking this project would result in inadequate support for other high 
energy facilities. 
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6. Design is feasible. Odds good that research potential is high. Limits to 


quantum electrodynamics and possibility of new particles are very worthwhile 
experiments. 


7. Thinks Stanford machine would be very useful, although would give priority 
to a high current proton accelerator. 


(NoTteE.—Comments on the proposed Stanford accelerator prepared by Dr. 
T. A. Welton, consultant to the Joint Committee, are contained in app. 4, p. 550.) 

Representative Price. That will be done. What plans have been 
developed for the use of the accelerator on a patina beile with par- 
ticipation by scientists from other universities and laboratories ? 

Dr. WitxiaMs. As I said in my statement on page 9, there will be 
formed a board of directors with various subboards that will deter- 
mine that the machine shall be used in a sensible way to do experi- 
ments which are agreed upon by the scientific fraternity are mean- 
ingful and will determine in that sense the people that will use it and 
what kind of time they have available and keep currently informed on 
the program and do the programing on the machine. 

We have every assurance that this will be considered as a national 
facility. 

Representative Price. In other words, this board of directors will 
set up the programing for the use of the accelerator. 

Dr. Wituiams. Yes. It will have to do that currently and meeting 
often to keep current with the affairs. 

Representative Price. Mr. Bates? 

Representative Bares. I did not hear all of the questioning, but I 
was interested in your comments on page 9, and to see what their 
responsibility and authority is contrasted tothe AEC. As I read this, 
it indicates that this board of directors is responsible to the president 
of Stanford which will establish basic policies for the project. 

So, the directors will otherwise control the activities of the project 
to guarantee its role as a national facility. Just from reading that, 
it would appear that the Federal Government is completely out of 
the picture. 

Dr. Wittiams. It would be in terms of day-by-day operations since 
the Commission does not operate such facilities. It administers them. 
This group will have to receive its operational budget from the Gov- 
ernment and this is the principal control. There is no question in 
my mind that we do not want to enter as a Commission or a division 
of the Commission into the day-by-day operation. But we will have 
the control through the operational support of this group. 

We will have our concurrence in their actions and it will be re- 
quired in order to get continued support. 

Representative Bares. It is basic policy. 

Dr. WituiaMs. It is the same system that is used at Brookhaven 
and Argonne and Berkeley which we have found so successful. 

Representative Bates. That is what I wanted to have put in the 
record, to indicate that this is not different. 

Representative Price. On your point, will it be the same situation ? 

Dr. Witu1aMs. In principle, yes. In details I think one would find 
differences. In principle it is a concurrent policy and management 
but the day-by-day operation has to rest in that locality. 

Mr. Ramey. In the case of Argonne and Brookhaven, following 
along Congressman Bates’ suggestion, it is my understanding that 
there was agreement between the Commission representing the Fed- 

43633 O—59——_5 
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eral Government and the Argonne National Laboratory, operated 
by the University of Chicago, as to what these basic policies are 
and what the basic organizational setup would be for the opera- 
tion of such a large facility with so much interest from a regional 
and national standpoint. Would that be the case here? 

Dr. Wituiams. There are boards even at the Argonne. There is 
the advisory board of Argonne of which I cee ara to be a member 
in years past, who acted as an outside board advising the contractor, 
the University of Chicago. 

That advice was filtered, relayed to the Commission and the policy 
developed in this consultative way. I don’t feel any difficulty about 
the basic control we have because the Government has the money 
control. 

Representative Bares. I understand that the Government will pro- 
vide the money later on as it is now, but nevertheless, the basic policies 
will be determined by the university. 

Dr. Witx1aMs. That is unfortunate language, but in view of our 

resent experience with other similar institutions, I would feel we 
haias no real difference. 

Representative Bares. I wonder if Mr. McCone would comment on 
that point. 

Mr. McCone. Yes. In the operation of the laboratories that are 
considered as national institutions, the operating contractors are sub- 
ject to the overall policy direction of the Commission. The pur- 
pose is to have them exercise operational control but at the same time 
to have the Commission's philosophy of having these national labora- 
tories available to all of the institutions and the scientists that need 
them for their particular work. 

If you would visit, as you have the cyclotron at Berkeley you would 
find that there are groups from many universities conducting exper'- 
ments concurrently. The detailed arrangements of how that is worked 
out is handled by the group at Berkeley, but it is subject to the over- 
all policy direction of the Commission. (See app. 10, p. 644.) 

Representative Price. Dr. Williams, the proposal originally sub- 
mitted by Stanford covered a 15 to 25 billion electron volt accelera- 
tor, while this present proposal refers to an energy range from 10 
to 15 Bev. 

Why was the energy decreased ? 

Dr. Witxiiams. The energy was decreased after intensive reviews 
by NSF and by the GAC panel. They recommended a cutback to 
10 to 15 Bev. accomplished by reducing the number of klystrons. 
In this we in the Commission heartily concur. The reasons for their 
recommendations are both scientific and economic. 

First, there is a saving of money, but secondly, we want to build a 
machine which will be able to attack the problems which we see now 
to be important. Simultaneously with that, we have in this facility 
proposed to you the possibility of expansion to the higher energy at 
a later time with additional cost if it is warranted then on the basis 
of the scientific need. 

Representative Price. The potential that you talk about runs all the 
way up to 45 Bev. 

r. WitiiaMs. Yes, sir. 

Representative Price. What would be the cost of stepping it up to 

45 Bev. ? 
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Dr. Witt1ams. We are not in a position to give you an exact figure 
but the order of magnitude of cost is around $10 million for the ad- 
ditional 1 klystrons as we see them today. 

Representative Price. What specific type of research and develop- 
ment work is to be done with the $18 ailien referred to in the pro- 
— o the accelerator is understood to be based on proven con- 
cepts 

r. Witi1aMs. One surely could build an accelerator made up of 40 
of the existing operating prototypes. We feel this would not be the 
proper way to do that simply because that would involve building a 
machine with components which were not designed for iidiounaldae 
reliable operation with minimum maintenance. — 

It would also not allow the further development of the output 
capabilities of klystrons. There would be two major efforts in this 
research and development. One is the improvement of reliability of 
components other than klystrons, and further, the improvement of the 
reliability of the klystrons and their power output. 

Representative Price. Are there any further questions of Dr. Wil- 
liams, Mr. Van Zandt? 

Representative Van Zanpr. Doctor, getting back to the cost factor, 
how ast money has been spent already in the development of the 
design ? 

Sa Wksadae: In the existing 730-Mev. linear accelerator? 

Representative Van Zanprt. Yes. 

Dr. WittraMs. This is supported by the Office of Naval Research. 
I do not have an accounting for it. Dr. Ginzton clearly is prepared 
to answer that question, or his colleagues. May I call on them, please ? 

Dr. Ginzton. The cost of research and development in the program 
over a period of years dating back from 1949 to the present is $10 
million to date, from ONR, Air Force contract support and AEC 
for research, development and operation of the machine. 

The original machine was built with money provided by ONR at a 
cost of $1.5 million. That is the present machine we have in operation 
at Stanford today. The research and development continued on and 
it is impossible to separate the cost of specific development from the 
continuous operation of research and operation. It is contained 
within the $10 million mentioned to start with. 

Representative Van Zanprt. It is proper to say then that the Navy 
has already invested $10 million in this project ? 

Dr. Witx1aMs. In the buildup to this point. 

Representative Price. This belies up a question I would like to 
ask here. Will the technology available from the operation of this 
machine be of value to the military program ? 

Dr. WituraMs. The basic knowledge to be learned by this machine 
is knowledge in nuclear physics. It is quite clear on the basis of 
past history that the development of technologies in high-energy 
physics always have applicability sooner or later to the modern 
technology. 

In particular, the development of these klystron tubes may very 
well make them more useful for communication devices which are of 
use to the military. 

Representative Price. Are there any further questions? 

If not, do you want to turn the stand over to Dr. Haworth? 

Dr. Witui1aMs. Yes, sir. 
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STATEMENT OF DR. LELAND J. HAWORTH, DIRECTOR, 
BROOKHAVEN NATIONAL LABORATORY 


Dr. Haworrn. Mr. Chairman, it is a privilege and a pleasure to 
speak to you this afternoon on a matter of such transcendent impor- 
tance in our scientific program. I should like to preface my tech- 
nical discussion by three general remarks. Firstly, the things that I 
shall say gain their significance not from my individual opinions but 
because to the best of my belief they represent the composite views of 
the many distinguished scientists active in this field. They formed 
the basis for the recommendations of both the NSF panel on high- 
energy accelerators and the joint SAC-GAC panel on high-energy 
phy sics. 

Secondly, in the time available, it will be possible to give only a 
very brief discussion of the subject which, as you know, is extremely 
complex and difficult to understand, even for the most highly trained 
specialists. 

Thirdly, much, or even all, that I shall say has been known to you 
before—from your reading, from your various discussions, and from 
testimony such as that presented in the hearings on the Commission’s 
physical research program held before the Subcommittee on Research 
and Development last year. I shall attempt, however, to put some 
facts before you in organized and summary form in the hope that I 
‘may show you wherein lie some of the most vital problems that we 
seek to solve and how the proposed linear accelerator can contribute 
importantly to the solutions. I have prepared a detailed technical 
statement which has been handed to your staff. However, because of 
its technical nature and in the interests of saving time I shall read it 
only in part and talk extemporaneously from charts on the more tech- 
nical aspects. 

Representative Prick. You may do that, Doctor. Without objec- 
tion your complete statement will be printed in the record. 
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STATEMENT OF LELAND J, HAWORTH, BROOKHAVEN NATIONAL LABORATORY, 
AT THE STANFORD ACCELERATOR AUTHORIZATION HEARINGS 
BEFORE THE JOINT COMMITTEE ON ATOMIC ENERGY 


Mr. Chairman: 

It is a privilege and a pleasure to speak to you this morning on a 
matter of such transcendent importance in our scientific program. I should 
like to preface my technical discussion by three general remarks. Firstly, 
the things that I shall say gain their significance not from my individual 
opinions but because to the best of my belief they represent the composite 
views of the many distinguished scientists active in this field. Secondly, in 
the time available, it will be possible to give only a very brief discussion 
of the subject which, as you know, is extremely complex and difficult to 
understand, even for the most highly trained specialists. Thirdly, much, or 
even all, that I shall say has been known to you before--from your reading, 
from your various discussions, and from testimony such as that presented in the 
Hearings on the Commission's Physical Research Program held before the Sub- 
committee on Research and Development last year. I shall attempt, however, to 
put some facts before you in organized and summary form in the hope that I 
may show you wherein lie some of the most vital problems that we seek to solve 


a 


and how the proposed linear accelerator can contribute importantly to the 
solutions. 

As you are quite aware, the search for basic understanding of the atomic 
nucleus and of its particles and its internal forces lies at the fronticr of 


modern science. As is well said in the statement of fundamental principles 


alluded to by Dr. Williams, scientific frontiers are always moving. At present 
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the most basic lie at opposite extremes -- in the indefinitely large and in 
the sub-microscopically small. It is with the latter that we are concerned 
today. 

Man's everlasting search to understand the universe around him began 
with gross phenomena -- with things that he could see and hear and feel and 
smell. In the next step he devised instruments to measure length and time 
and mass, and thence force and energy and other quantities -- still dealing 
with matter in the gross. As time went on, he recognized that there must be 
a finer structure. With microscopes and other tools, he could observe details 
beyond the power of his senses used directly. He began to search for some j 
underlying pattern. Instinctively, he fclt that the vast complexities with 
which he was surrounded could be explained in terms of various combinations 
of fairly simple building blocks. There has been a constant search to find 
and understand those fundamental blocks. 


Until fairly recent times the recognizably different substances -- water, 


seen 


eir, salt, various minerals, and so on -- were thought to be the fundamental 
constituents of matter. Further investigation showed that the almost infinite 
varieties of molecular substances are compounded from less than one himdred 
kinds of clementary atoms. The recognition of this elementary structure and 
the identification of most elements was one of the great scientific triumphe 


of the nineteenth century. 


Still further study showed that the atoms in turn possess an inner 
structure. Brilliant research culminating in that of Bohr and Rutherford 
showed each atom to be 4 tiny positively charged nucleus carrying nearly all 
the mass surrounded by one or more electrons whose number characterizes the 


individual element and determines its chemical and many other propertics. 


The regularity of nuclear progression, the phenomena of natural radioactivity, 
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and later the studies of cosmic rays showed that even now the ultimate had 


naa 
not been reached, that the nucleus itself must have a structure, that still 


more fundamental particles must be contained therein. The study of the nucle 


iS, 


mor in 


mn in earnest only a few decades ago, quickly showed these particles to be 
ns and neutrons bound together in various combinations by enormous 
In 


1 the intervening period has becn to dissect 


. 


attractive forces. A major effort i 


the nucleus to determine the nature of the forces, the various energy combina- 


mn 


and the detailed structure. In the process, it began to be apparent that 
he end had not been reached, that the nucleons themselves, the proton and the 


neutron, also have a structure and that associated with them in transient form 


are many other particles. Thus as problems have been solved and questions 


fu 


» new questions have arisen. It is toward answering these questions 
that ultra high energy physics is directed. 

Before turning to detailed consideration of the situation, let us remind 
ourselves of a few generalizations. Throughout our studies, a number of 
general physical laws have always been obeyed. Important among them are the 
various conservation laws -- the conservation of energy; the conservation of 
momentum, including angular momentum; the conservation of charge, and so forth. 
ime to time, they have required modifications or extensions. For 
example, on the atomic scale it was necessary to broaden the law of conserva- 


tion of energy to include mass as well as energy, relating th through the 
&) SJ» 


Vad Vist 


Einstein equation, E = Mc©. We should also remember that many paramcters 

such aS energy and spin are quantized; they can take on only certain discrete 
values and hence changes in them must also be discrete. The situation might be 
likened to standing on a flight of stairs; only certain discrete positions 
and changes in position are possible. There are also certain selection rules 


Uda 


telling us that some changes are much more probable than others and that many 
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seemingly possible changes are forbidden for one reason or another. Another 
great generalization is that the energy of a system tends to degrade, that 

any system will seek to change itself to a state of lower energy if that is 
possible within the various laws. The total probability of change is affected 
by the strength of the forces involved, by the amount of energy released and 
by the selection rules. 

We should also look briefly at our means of examining the nucleus. By 
far the most important have utilized those schizophrenic tools, particles and 
waves. It has been one of the great triumphs of modern physics to understand 
their dualism. For example, the classical electromagnetic wave is simultanc- 


ously-a particle called a photon, whose energy is proportional to the frequency 


of the wave. Conversely, what are classically thought of as particles 
electrons, protons, and so forth -- have in motion many of the characteristics 
of waves that can be diffracted, that undergo phase changes, and so on. The 
wave length of these matter waves varies inversely with their energy. These 
particles, as I shall call them collectively, have two general uses in studying 
nuclear structure. First, they are carriers of energy with which to produce 
changes in the structure, to create new particles, and so forth. Secondly, 

and importantly, they serve as probes with which to sce dctails of structure 
just as light is used to examine macroscopic matter and X-rays and slow neutrons 
are used to study crystals by diffraction. As one has delved deeper and deeper 
into the atom and the nucleus, it has been ncccssary to use cvermore energetic 
particles not only to produce more cnergetic changes but also to achieve the 


shorter and shorter wavelengths necessary to distinguish finer and finer dctails, 


to 


ct 


h the interaction processes we study and the fineness of detail we seek now 


? 


require particles in the multi-billion volt range of energy. It is in pro- 
viding these very cncrgetic particles that accclcrators play their vital 
€ A é PR pia) 


role. 
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In the units that are used, the electron is the base, Its mass is 1 
and its charge is -1. The charge of the proton is +1. Its mass and that of 


the slightly heavier neutron are approximately 1840, Energy is measured in 


millions of electron volts, MEV, or billions of electron volts, BEV, correspond- 
ing to the energy acquired by unit charge in passing through the indicated 


difference of potential. The mass of the electron has an cquivalent energy of 


about one-half an MEV, that of the proton or neutron slightly less than one BEV. 
A word of caution about energies. When a moving particle strikes a 


stationary one, only part of its energy is available for producing intcractions 


in the center of mass system of the interacting particles. This is because 


in the 


laboratory systcm part of the energy must go into conservation of 
momentum. The relative reduction in the cnergy available increases with the 


energy of the moving particle. It is 


n 


erious at the multi-Bev energies with 
which we are concerned, slightly less so for moving clectrons than for protons. 


fa 


(eee Figure 4) 


Now let us examine the atomic nucleus, firstly what I shall call the 


assical model of the nucleus, one with which you are familiar. It can be 


ibed, though only partially explained, in terms of three force laws and 
a few clementary particles. Holding the protons and neutrons or nucleons 
together within the nucleus are cnormous forces known as strong forces that 
decrease rapidly with distance so that they are negligible outside the nucleus. 


These are responsible for the formation of all known nuclci, for the binding 


energies involved, and for many other processes. In a second force oup fall 
- , y Pp 


the electromagnetic forces exerted between electric charges. They are 
responsible for holding togethcr the external structure of the atom as well 


as playing a role within the nucleus. If one assigns unit valuc to thc strong 


forees then at intranuclear distances, electromagnetic forces have a strength 
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f about one one-hundredth, though they decrease with distance much more 
lowly. (See Table I). Ina third group are the so-called weak forces taking 


Strong (Nuclear) Forces 1 
Electromagnetic Forces 201 
Weak Forces 10~1* 


Gravitational Forces 


Table I - Relative strengths of clementary forces. 


part in radioactive decay both of compound nuclei and of unstable elementary 
particles. They are very weak indeed, only about one one-hundredth of a 
trillionth (1072) of the strength of the strong forces. You have heard much 
forces in connection with the brilliant theoretical pre- 
diction of Lee and Yang, later verified experimentally, thet the conservation 
of parity docs not hold in weakly coupled interactions. For completeness, I 
shall also list the gravitational forces although they play no role within the 
-38 


trength is only about 10 of the strong forces. We 
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shall say no more about them. 


yhere we have sufficient knowledge, it is found that the force fields 


Nid 


= 


are associated with particles carrying the force. This is best understood in 
the case of electromagnetic forces. Here we know that each charged particle 
is constantly emitting and reabsorbing tiny bundles of electromagnetic energy 
shotons The process of emission and absorption occurs so rapidly that it 
cannot be detected, even in principle, so that the energy of the particle can 
e considered to be constant and the process is described as virtual. The 


exchange of virtual photons between charged particles accounts for their 


mutual interaction. By introducing energy from outside the particle, real 


photons can be created from virtual ones and energy is radiated. All so far 
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observed clectromagnetic interactions can be accurately described in terms of 
this hypothesis. 

Reasoning by analogy, as is often done in physics, the Japanese physicist 
Yukawa in 1935 postulated a new particle playing the same role in strong forces 
as do the photons in electromagnetism. In contrast to the massless photons, 


+h 


this particle would have a rest mass which he calculated to be from 200 to 

300 times that of the electron. Hence he called it the mesotron (designating 
a particle of intermediate mass), a name that has since been shortened to 
meson. The experimental discovery in the late 1940's of the pi meson, or pion, 
with a mass of 273 was a triumph for the theory. To create a real from a 
virtual pion requires about 135 Mev of energy in the center of mass systen. 

The mechanism by which weak forces are exerted is not understood at 
present. 

Our simple modcl requires one more particle. In radioactive decay, there 
is in general the disappearance of energy and momentum. To account for this 
there was postulated a chargeless, massless neutral particle, the neutrino, 
or little neutral one as it was poetically called by Fermi. Its interaction 
with other particles is almost vanishingly small. An enormous flux of 
neutrinos from the sun passes through the earth as though it were not there; 
only one in a million-million suffers any interference. 

Thus our simple model has particles of four general classes; the heavy 
nucleons, the lightelectrons and neutrinos, the intermediate mesons responsible 
forces, and the photon, the carrier of electromagnetism. By 1950 


a) 


all of these facts were known. Only the neutrino had not been observed 


directly. 


There was additional information not necessary to the simple model. The 


mumeson, or muon, resulting from spontaneous decay of the pion and itself 
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decaying into an electron and a neutrino had becn observed. Within our sub- 
divisions, the muon, of mass 200, should be classed with the clectron rather 


than the pion since it is not a carricr of strong forces and has a characteristic 
Spin and other properties similar to that of the electron and neutrino. 

Another whole family, the anti-particles, had been theoretically pre- 
dicted and partially observed. By the quantum theory each particle save the 
photon should have an anti-particle with which it annihilates on collision 


with the emission of lighter particles that carry off the energy. The anti- 


electron, the anti-pion, and the anti-muon had been observed, first in cosmic 

rays and later in the laboratory. The anti-nucleons were observed much later, in 

1955, when energies above their production threshold became available at 

Berkeley. : 
In the early 1950's a whole new chapter was begun. A multitude of new 

and unexpected particles were found, first in cosmic rays and later in those 

laboratories having billion volt accelerators. These are shown in Figure 1 

and Table II, together with our earlier particles. They fall into two of our 

general classes, A group of heavy mesons -- designated K -- has a positive 

and a neutral member together with their anti-particles. They decay into 

various combinations of pions, muons, neutrinos and their anti-particles. 

The members of the second group are heavier than the nucleons, and so far have 

been created from them. These hyperons, as they are called, occur in various 

groupings, a single neutral "Lambda", a negative and neutral pair of "Xi's", 

and a positive, neutral and negative triplet of "Sigmas". They decay into 

other heavy particles plus a pion or a photon. In keeping with theory, each 

should have its corresponding anti-particle, but so far none have been observed, 


Since the total number of heavy particles must be conserved, creation of new 


particles must be done by making particle-anti particle pairs. Sufficient 
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energy for this process is not yet available (See Figure 4). (In principle a 
hyperon-antihyperon pair could be made by bombarding protons by anti-protons.) 
All of these new particles were given the generic notation of strange 
particles, not from their unexpectedness but because their lifetimes, the 
periods of their existence, were much longer than could be explained by existing 
theory. They were all formed in strong particle interactions in the fleeting 
time required for a bombarding particle to penetrate a nucleus. By the laws 
of reciprocity one would expect them to decay in equally short times. Instead 
they live long enough to travel distances measured in centimeters or even meters, 
as much as a million billion timts longer than expected. Two of these strange 
particles are always produced together, a phenomenon known as associated pro- 
duction. This fact has given the clue to an explanation of their strangeness 
in terms of a conservation law. A property known as strangeness having both 
positive and negative values can be deduced and values assigned from the oc- 
currence of these particles in singlets, doublets and triplets that differ 
from the arrangements of nucleons and pions. The various values of this 
strangeness are indicated in Figure 1. 
Theory requires that strangeness be conserved. To make this true the 
positive and negative strangeness must be balanced. Hence, at least two 
particles must be made together. Once having been created and separated from 
its mate a particle can decay only by processes resulting in products of equal 
total strangeness. In only one case, the lambda, is this energetically possible 
and there the lifctime is quite short. Hence with this exception the particles 
cannot decay by strong force interactions but live wntil weak coupling forces, 
not involving strangeness, can cause them to decay. 
It is important to know the geometry of the individual particles, their 


size, their shape, the distribution of their charge, their magnetism, and so 
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forth. Numerous possibilities can be conceived. Some are indicated in 


Figure 2 where density of shading indicates the density of the property in 
question. Such information can be obtained the most directly by the scattcring 
of particles. For this purpose electrons or photons are the best. The inter- 
acting forces are well understood. Furthermore, since they are relativcly weak, 
the nucleus is much more transparent than to strongly intcracting particles j 
end one can look inside. For complex nuclei, for protons, and for neutrons, 

we have some internal information. The most direct and precise has been 
‘obtained by scattering clectrons of several hundred MEV produced in the present 
Stanford lincar accelerator. From such experiments it has been found that in 


heavy nuclei electric charge is distributed almost uniformly from the center } 


be | 


outward through a volume almost proportional to the number of nucleons contained, 
Beyond that point, the charge distribution falls off quickly to a zcro valuc 
over a thin shell of the same thickness for all nuclei, This distribution 

is roughly that of Model C of Figure 2 and is shown in graphic form for the 

gold nucleus in Figure 3. (In lighter nuclei the central core disappears, the 
density decreasing from the center out -- see Model B.) Similar experiments 


on the proton have indicated a charge distribution starting from a large velue 


i 


at the center and falling steadily to zero value at the edge as shown i 
Model B and the second graph of Figure 3. (In the latter the scale of density 
is compressed tenfold compared to that for the gold nucleus.) The magnetic 
distribution in the proton and also in the neutron has a similar form. The 
shorter wavelengths accompanying much higher energy electrons are badly needed 
for studying finer details. 

Swmarizing this brief description, we see that we are confronted with 


a@ bewildering situation. Twenty-two elementary particles have been observed 


and nine additional ones have been predicted. With a few exceptions, we know 
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discouragingly little about them. To be sure we know their charge, their spin, 
their mass, their strangeness. We know something of the circumstances in 

which the transient ones can be produced and in what numbers. We know something 
of their interactions with other particles but there are enormous gaps. We 

have little knowledge of their internal structure. 

There are innumerable unsolved problems. The structures and properties 
of the various particles must be much better known. We must have far better 
understanding of the interacting forces. We must search for new and unexpected 
particles and new phenomena. The list is almost endless. 

Our knowledge can be effectively increased only through the use of ultra- 
high energy acccleratorsof diverse capabilities. The spectacular increase in 
proton accelerator energies in recent times has somewhat obscured the fact 
that many other parameters are also quite important. We must have electrons 
as well as protons; we must have intensities great enough to permit rapid 
observation of the various direct processes and to produce copious quantities 
of all transient elementary particles for use in secondary interaction studies; 
we must have sharply focussed beams and flexibility in time and space to suit 
the various purposes. 

There is an especially acute need for very high energy electrons in 
large intensities and in well focussed beams. Because of easier and cheaper 
adaptation to circular machines, protons have been produced at energies far 
above those available with electrons. In contrast to the proton case where 
6 Bev has been available and 30 will soon be reached, electron energies have 
so far been limited to 1 Bev. An important step that will fill an urgent need 
is being taken by construction of the 6 Bev Cambridge Electron Accelerator 
(CEA). However important though its potential contributions, there will be 


& vital need for higher energies, far higher currents, and much more sharply 
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focussed beams than it will be able to provide. The linear accelerator proposed 
will effectively meet these requirements. In its initial form it will have 
twice the energy and some 50 times the intensity of the CEA. As in all linear 
accelerators and in contrast to the circular machines, a full strength sharply 
focussed beam will emerge into free laboratory space where it will be quite 
accessible and can be used in many different ways. As time goes on and need 
arises, the energy can be increased (to as much as 45 Bev) both by increases 

in the power of the driving klystrons and by adding klystrons at relatively 
modest cost. By virtue of this flexibility, it can belong to more than one 
generation of machines. 

Let us examine some of the more specific applications. 

The machine will be a far more copious source of anti-nucleons and strange 
particles than any in the present program, which is confined to lower intensity 
pulsed circular machines (See Figure 5). Even though electrons, and the 
photons they produce, are less efficient than are protons as producers of most 
particles, the Linac will still far excel. The high energies and intensities 
to be available will make possible significant extensions of secondary inter- 
action studies, gpecially with particles otherwise too rare to be so used. 

But the primary scientific interest in this machine lies in studying 
directly the specifics of electromagnetic interactions. The production of 
secondary particles is by a different mechanism than with protons and one that 
seems simpler because we have a better understanding of electromagnetic than 
of nuclear forces. The production of all known strnage particles by the electro- 
magnetic interaction at energies well above their thresholds should yield 
extremely valuable information concerning the production processes. It is 
also possible that new and as yet unknown particles will be produced. 


Especially interesting is the possibility of the direct electromagnetic 
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production of weakly interncting particles not hitherto observed. The very high 
intensities expected are essential to any search for such inevitably rare 
events. 

The unique potentiality of the proposed accelerator lies, however, in the 
possibilities it affords for structural studies of elementary particles. A 12 
Bev electron striking a proton has a wavelength only about one-sixth that of the 
highest energy electrons used so far. Indeed, this wavelength is only about 
one-twentieth of the radius of the proton and the proton structure could in 
principle be studied to features of this size. The structure studies can be 
of two general sorts. Elastic scattering experiments can extend those described 
earlier to give more detailed information on the structure of the nucleus and 
of the proton and the neutron. In inelastic interactions where secondaries 
are produced, information can be gnthered as to” the structure of both the 
struck and of the secondary particle. 

Perhaps most important of all the possibilities is a very general considera- 
tion. Inherent in all the experiments described, and in others conducted for 
the purpose, is the study of the electromagnetic interaction itself. It is 
quite possible that At the very short distances involved the laws of quantum 
electrodynamics may be altered or even fail completely. Indeed the results of 
such experiments could raise questions of great philosophic and scientific 
interest. Under certain circumstances, the question might be raised of a 
radical revision of our concept of space itself. At sufficiently short dis- 
tances do the axioms of Euclidean geometry fail? Can even the notion of con- 
tinuity of space itself be maintained? Even should such conceivable anomalies 
not be found, information on these points would be most valuable. 

In addition, it should, of course, be pointed out that in all previous 
experience such significant extensions in experimental possibilities as here 


proposed have led to completely unanticipated results and opened up new realms 
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of interest. Indeed, it would be startling should this case be otherwise. 
Such possibilities are among the most important reasons for taking such a 
significant step into the wiknown. 

To recapitulate, the proposed aecelerator will: 

1. Provide a greatly enhanced source of anti-nucleons and stgange particles 
and hence permit broad extensions of secondary reastion studies; 

2. Permit much more extensive and accurate studies of electromagnetic par- 
ticle production processes; 

3. Make possible far more accurate and detailed studies of nucleon stricture 
and the extension of such studies to other particles; 

4. Extend to much shorter distances our knowledge of the laws of electro- 
magnetism end possibly disclose anomalies of profound significance; 

5. Afford the possibility of opening up as yet unvisualized fields of 
scientific interest. 

In summary, those of us who have so enthusiastically endorsed this 
proposal have done so because this Linac is the best and indeed the only means 
to fill a vitel need for sharply focussed electron beams of higher energies 
and far higher intensities than otherwise available; because with minor 
interruptions in its use and modest capital outlay its energy can be increased 
to even higher values; and finaljy and importantly because Professor Panofsky, 
Professor Hofstadter, Professor Ginzton and their colleagues constitute a 
group of research physicists and accelerator engineers that is unexcelled in 


general and is unequalled in the construction and utilization of linear 


accelerators. 
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Dr. Haworrn. As you are quite aware, the search for basic under- 
standing of the atomic nucleus and of its particles and its internal 
forces lies at the frontier of modern science. As is well said in the 
statement of fundamental principles alluded to by Dr. Williams, 
scientific frontiers are always moving. At present the most basic 
lie at opposite extremes—in the indefinitely large and in the sub- 
miscropically small. It is with the latter that we are concerned 
today. 

Man’s everlasting search to understand the universe around him 
began with gross phenomena—with things that he could see and hear 
and feel and smell. In the next step he devised instruments to meas- 
ure length and time and mass, and thence force and energy and other 
quantities—still dealing with matter in the gross. As time went on, 
he recognized that there must be a finer structure. With microscopes 
and other tools, he could observe details beyond the power of his senses 
used directly. He began to search for some underlying pattern. In- 
stinctively, he felt that the vast complexities with which he was sur- 
rounded could be explained in terms of various combinations of fairly 
simple building blocks. There has been a constant search to find and 
understand those fundamental blocks. 

Until fairly recent times the recognizably different substances— 

water, air, salt, various minerals, and so on—were thought to be the 
fundamental constituents of matter. Further investigation showed 
that the almost infinite varieties of molecular substances are com- 
pounded from less than one hundred kinds of elementary atoms. The 
recognition of this elementary structure and the identification of most 
elements was one of the great scientific triumphs of the 19th century. 

Still further study showed that the atoms in turn possess an inner 
structure. Brilliant research culminating in that of Bohr and Ruth- 
erford showed each atom to be a tiny positively charged nucleus carry- 
ing nearly all the mass surrounded by one or more electrons whose 
number characterizes the individual element and determines its chem- 

ical and many other properties. The regularity of nuclear progres- 
sion, the phenomena of natural radioactivity, and later the studies 
of cosmic rays showed that even now the ultimate had not been 
reached, that the nucleus itself must have a structure, that still more 
fundamental particles must be contained therein. The study of the 
nucleus, begun in earnest only a few decades ago, quickly showed these 
particles to be protons and neutrons bound together in various com- 
binations by enormous, attractive forces. A major effort in the inter- 
vening period has been to dissect the nucleus to determine the nature 
of the forces, the various energy combinations and the detailed struc- 
ture. In the process, it began to be apparent that the end had not 
been reached, that the nucleons themselves, the proton and the neutron. 
also have a structure and that associated with them in transient form 
are many other particles. Thus as problems have been solved and 
questions answered, new questions have arisen. It is toward answer 
ing these questions that ultra high energy physics is directed. 

Now I will depart from my written statement and talk extempo- 
raneously, if I may, from charts, and so forth. 

You are all familiar, of course, with the basic structure I spoke 
of before, of the nucleus with its protons and neutrons and electrons 
going around it. We have known for quite a while that there are 
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involved in this several types of forces between particles. In the 
first place, there obviously is a very, very strong force inside the 
nucleus—the nuclear force, or strong force, as it is usually called by 
the physicists. 

Secondly, you know, of course, that there are forces involved be- 
tween electric charges. Negative and positive charges attract each 
other and like charges repel. Those forces hold the externals of the 
atom together and keep the electrons bound to the nucleus to make an 
atom out of it. To give you an idea of the magnitude of these forces, 
if we assign the value of one to the nuclear force then the value of an 
electromagnetic force between two charges at the same distance 1s 
only one one-hundredth. So the electric forces are much weaker than 
the strong forces. There is a third force, which the physicists call the 
weak force, which is the one that is responsible for radioactive decay, 
for the emission of gamma rays and electrons and so forth in radio- 
activity, and that is far, far weaker still. Its strength is only about 
10 to the minus fourteenth (107) of that of the strong forces. That 
is, it is about one hundred-thousandth of a trillion of the strong 
forces. Thus, there are these three basic forces that play the roles 
in nuclear phenomena. 

Just for completeness I will mention that there is a fourth known 
basic force in the universe, namely, the force of gravitation. It is 
about 10 to the minus 38, that is, 1 over 10 with 37 zeroes after it, as 
strong as the strong forces. Obviously it can’t play much of a role 
in the nucleus. The only reason it seems to be a strong force, as we 
think of it, is because there are so many, many, many particles in- 
volved and their effects add up. These forces are the things that 
make the particles behave as they do, both in terms of the way they 
act with respect to the outside world and the way they act with re- 
spect to the internals of themselves. 

I would now like to go to a little discussion of the situation with 
respect to particles. I borrowed this chart (fig. 1, see p. 79) from 
my very good friends at the Argonne Laboratory who built it. It is 
a display of all the elementary particles that have been observed and 
have been predicted. I think you can see it is a fairly large number. 
On it you will find particles that you are familiar with. Here is the 
electron down here. We give it in our units a mass of one. That is, 
we just arbitrarily give the electron a mass of one and measure every- 


thing else in terms of it. It is a very small particle both in mass and | 


size. It has a charge that we call one. We call it a negative charge 


for historical reasons. Thus, the electron forms the basis of our | 


system of units. Let us turn now to the internals of the nucleus, the 


ones that you are familiar with. Here is the proton. On the same | 


scale it has a mass of 1836. It is that many times as heavy as an 


electron. It has a charge, however, of the same value except it is a| 


positive charge instead of a negative charge so they attract each other. 
Also, within the nucleus are neutrons which have a mass just slightly 
heavier than the proton and no charge at all. Within the nucleus 
these are both stable particles, they last forever within the nucleus as 
long as it is not disturbed. 

The proton is stable no matter where it is. If a neutron escapes 
from the nucleus it is unstable and lives about 12 minutes on the aver- 
age. There is one other particle you are familiar with although you 
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may not think of it asa particle. Itisthe photon. The photon is sim- 
oly electromagnetic radiation. It is one of the curious aspects of our 
ae of nature, that particles and waves are different manifestations 
of the same thing. They are schizophrenic, is the way I like to say 
it. Sometimes they behave like particles, sometimes like waves. 
When they behave like waves they have a frequency; when they be- 
have like particles they are more like little pellets, and so forth. 

The photon is the electromagnetic wave. All light is made up of 
photons. Radio waves are in principal made of photons, gamma rays 
are photons, X-rays are photons, and so forth. So you are entirely 
familiar with them in that kind of sense. The photon plays a very 
important role in the following way. It is the thing that makes 
electric forces exist. Actually the os between charged particles 
is because photons jump back and forth between them. So it is terri- 
bly important with respect to electromagnetic forces. 

It was predicted by the Japanese physicist, Yukawa, that nuclear 
forces must have something of the same sort of thing. He predicted 
in 1935 that there must be a particle that he called the mesotron, 
which jumps back and forth between neutrons and protons and causes 
strong forces. 

Twelve years later, the meson, as it was called in shortened form, 
was discovered. Here it is, the pi meson. It plays the same role in 
nuclear forces that photons do in electric forces. Thus, we have a 
fairly simple model, with electrons on the outside, the neutrons and 
rotons held together in the nucleus by the pi meson and electrons 
1eld to the nucleus by the photons. It is a pretty picture. 

Unfortunately, artists got to work and put a lot of additional things 
in the picture that aad it. By a series of theoretical and ex- 
perimental investigations we have found that there are necessarily 
four kinds of particles. There are the nucleons, the pi mesons, the 
oe (electrons, neutrons, etc.), and the photon, but there are a 
whole lot more. There are the antiparticles on this end of the chart. 
These particles are ones, the properties of which I cannot really ex- 
plain to you. It is almost ikuaiialen! They are mirror images of 
the particles with which we are familiar. 

ne is the antielectron or the positron. It has a positive charge 
rather than a negative charge. If the positron and electron get to- 
oe they mutually annihilate each other. There are no particles 

eft. Instead energy is given off in the form of photons and goes off 
as very hard gamma rays. Similarly, there is an antipimeson. It 
has the opposite charge; it is plus instead of minus. They can get 
together and annihilate. There is an antiproton which has a negative 
rather than a positive charge. There is an antineutron. All corre- 
sponding pairs can annihilate. You will remember that the bevatron 
at Berkeley found these in 1955. 

Representative Price. We have worked on the ANP program for 
years so I am familiar with the antiparticles. 

Dr. Hawortu. We have our four kinds of particles and we have 
our antiparticles. Then in about 1950 there was an avalanche. The 
roof fell in. First it was observed that there were some other mesons 
which were called K mesons, which were heavier than the pi mesons. 
It was observed that there were some other heavier particles, heavier 
than the neutron and the proton that could be made from them if you 
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did the right thing. These particles have very strange properties. 
They live a million trillion times, in round numbers, as long as they 
should. That is, some of them do. It is a very complicated business. 
They have a property called strangeness. The strangeness must be 
conserved. You must make one with negative strangeness at the same 
time as you make one with the positive strangeness, so the total 
strangeness is zero and so forth. Spins must be conserved, energy 
must be conserved, ad infinitum. 

So there are on this chart 31 particles of which 22 have actually 
been observed. This group up here has not been observed because 
we don’t have enough energy in our accelerators to make them. We 
know perfectly well they are there but nobody has found them. 

It is just a very confused situation. We know, or our instinct 
tells us, that it is not really that complicated. Behind this there must 
be simpler things. These are complicated manifestations of simpler 
laws that we have not found yet. Now if we can turn to other | 
charts, this (fig. 4, p. 83) illustrates the thing I said a moment ago 
about our energies. This is a plot of energy where this curve ap- 
plies to protons and this to electrons. These lines across here repre- 
sent how much energy in the so-called center of mass system one 
has to have to make these various particles. So if you want to see 
how much it would take to make an antiproton—I am sorry—to make 
an antiproton or an antineutron—and incidentally you have to make 
them with their cousins, you cannot make one at a time—then you can 
look down here and see how high the energy has to be. If you do 
look down here you will see it is just about 6 Bev., which is the energy 
of the bevatron, and the bevatron was designed to be 6 Bev. precise- 
ly so it could make this particle which had been predicted but never 
discovered. 

If you look up here to some of the higher ones you find that it 
would take 10 Bev. protons to make the top particles there. With 
electrons, fortunately, it is somewhat less. It is more like 7 Bev. to 
make a pair of these particles. So it goes. When we get upon into | 
this region of 6, 8, 10 Bev., we are in the top of the region that we 
have to be in to make all these various particles. 

Another thing of interest in addition to what are the particles is | 
how many of them there are, how do you make them, what is the | 
shape, the size, the density, the structure of these particles. Just for | 
fun I have illustrated on here (fig. 2, p. 81) various things that they | 
might be. They might be a little point. They might be a solid 
sphere. They might have a little core like the peach. They might 
be fairly solid with a tapering off edge and so forth. I point this 
out because this type of study is one of the very most, if not the very 
most, important uses for high energy electrons as distinguished from 
protons. 

That is for two reasons. In the first place, we know a lot about the| 
interaction of electromagnetic forces. When you use electrons and 
bombard a nucleus, the forces are electric and magnetic forces, not 
nuclear forces. So we can understand a lot better the observations 
that we make if we use electrons. 

In the second place, because those forces are considerably weaker 
than the nuclear forces, the electron has a chance to penetrate the 
nucleus. If you bombard one nucleon with another, the forces are 
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so strong that you don’t get a study of the structure. You may get 
some damage. So for two reasons the electrons are much the best. 
In order to examine details, you have to have very short wavelengths. 
Going back you remember I said particles act like waves—the wave- 
length of the particles being inversely proportional to the energy. 
The more the energy the shorter the wavelength. I think if you 
visualize waves on water, that you would not expect a long ocean 
wave to be able to tell you much about the internal structure of a 
starfish. You would want little ripples and so forth to study such 
fine details. So you want short wavelengths. Short wavelengths 
require high energy and the higher the energy the shorter the wave- 
length. Therefore, to get down to the internals of these particles 
we must have very short wave lengths. They are now short enough 
so that we have been able to make a few observations. 

In the first place it has been found that a nucleus, a heavy nucleus, 
has a structure much like this (model C, fig. 2, p. 81) a constant 
density to near the edge and then it tapers off. This tapering off 
is more or less constant for all nuclei. As you go to lighter and 
lighter nuclei the central core shrinks and gets smaller and smaller 
until you get down to where there is not a solid center. This black- 
ened part is just proportional to the number of particles in the 
nucleus as we may naively expect. 

We have not been able to find out if there is a shell-like structure 
such as there is in the external atom. We found that a proton or 
neutron has a shape that is simply dense in the center and falls off. 
It starts decreasing from the center but it is much smaller than the 
nucleus. This has been done with the existing Stanford accelerator, 
the 700 Mev accelerator. I would like to remark that even though the 
Stanford work had made no contribution whatever toward the ac- 
celerator we are talking about today, it has still been tremendously 
significant. The money that has gone into the Mark III accelerator 
has been well worthwhile for research. 

Summarizing this brief description, we see that we are confronted 
with a bewildering situation. Twenty-two elementary particles have 
been observed and nine additional ones have been naddichbl With 
a few exceptions, we know discouragingly little about them. To be 
sure we know their charge, their spin, their mass, their strangeness. 
We know something of the circumstances in which the transient ones 
can be produced and in what numbers. We know something of their 
interactions with other particles but there are enormous gaps. We 
have little knowledge of their internal structure. 

There are innumerable unsolved problems. The structures and 
properties of the various particles must be much better known. We 
must have far better understanding of the interacting forces. We 
must search for new and unexpected particles and new phenomena. 
The list is almost endless. 

Our knowledge can be effectively increased only through the use 
of ultra-high energy accelerators of diverse capabilities. The spec- 
tacular increase in proton accelerator energies in recent times has 
somewhat obscured the fact that many other parameters are also 
quite important. 

_We must have electrons as well as protons; we must have intensi- 
ties great enough to permit rapid observation of the various direct 
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processes and to produce copious quantities of all transient elementary 
particles for use in secondary interaction studies; we must have 
sharply focused beams and flexibility in time and space to suit the 
various purposes. 

ne Price. Doctor, in the middle of the paragraph, 
would you describe what the intensities are ? 

Dr. Haworrn. My last chart will show that, Mr. Price. 

There is an especially acute need for very high energy electrons 
in large intensities and in well-focused beams. Because of easier and 
cheaper adaptation to circular machines, protons have been produced 
at energies far above those available with electrons. 

Dr. Williams told you something about that this morning when 
he drew the circle on the blackboard and the energy loss as the elec- 
trons move in a circle. That loss does not occur in any significant 
amount with protons. It occurs only with electrons. That is why 
protons can be used in circular machines much more effectively. 

In contrast to the proton case where 6 Bev. has been available and 
30 will soon be reached, electron energies have so far been limited to 
1 Bev. An important step that will fill an urgent need is being taken 
by construction of the 6 Bev. Cambridge electron accelerator (CEA), 
which will be research use in a couple of years. However, important 
though its potential contributions, tt will be a vital need for higher 
currents, and much more sharply focused beams than it will be able 
to provide. The linear accelerator proposed will effectively meet 
these requirements. In its initial form it will have twice the energy 
and some 50 to 100 times the intensity of the CEA. (See fig. 5, p. 84.) 
This is a chart which is like the one Dr. Williams used but which has 
one important modification. Here I am measuring not the current 
but the effective number of particles that will be produced by the 
accelerator because it is somewhat different per electron than it is 
per proton. It is slightly less. In fact, it is substantially less for 
electrons than protons. I have taken that debit already into con- 
sideration on this chart. In other words, the electron values have 
been lowered compared to the proton values from that standpoint. 

As in all linear accelerators and in contrast to the circular ma- 
chines, a full strength sharply focused beam will emerge into free 
laboratory space where it will be quite accessible and can be used in 
many different ways. 

Remember in the circular machine the beam is inside the machine. 
You can get a fraction of it out but it tends to spray out and not 
be well focused and so forth. 

As time goes on and need arises, the energy can be increased to as 
much as 45 Bev., both by increases in the power of the individual 
klystrons, and that will inevitably happen without additional capital 
installations, and by adding klystrons at relatively modest cost. By 
virtue of this flexibility, it can belong to more than one generation of 
machines. 

Let us now examine some of the more specific applications for this 
accelerator. In the first place, it will be a far more copious source 
of all these new secondary, strange, and so forth particles, than any 

in the present program, which is confined to lower intensity pulsed 
circular machines. Here we might examine figure 5 (p. 84) fora 
moment. This is a logarithmic scale. Each major line is a factor 


nm 





sO 
lo 
ac 


Is] 


th 
ob 
Wl 
th 
pa 
tel 
au 


as 


to 
to. 
| 
clit 

of 
an 

of 
kn 
we 
tio 
unc 
] 
het 
ser 
for 
ma 
do 
nev 
ter) 
T 

in 

par 
abo 
lee 
pro 
ture 
V 
inte 
ture 


men 
mat 





rt. 
ae 


in 


ne, 
10t 


as 
nal 
tal 
By 
of 


his 
ree 
any 
sed 
ra 
‘tor 


STANFORD LINEAR ELECTRON ACCELERATOR 91 


of 10, so here we have 1, 2, 3,4, and 5 Bev. The bevatron is at 6; the 
CEA is at 6. These are actually practically on top of each other. 
Below the thresholds required to make this group of particles here. 
The CEA will be right inthe middle. It will certainly make some. It 
may make all. 

It is a little bit on the ragged edge. In terms of those particles in 
the upper right-hand corner, to be really safe you need to get up in here 
somewhere, not quite as far with electrons as with protons. When we 
look at the energy range here, we can see how far superior this linear 
accelerator is to the other machines in terms of numbers of particles. 

I want to be careful. That doesn’t mean that a machine out in here 
isn't all right. It is extremely useful. These machines are 25 to 30 
Bev., where this is 10, 12, or 15, or whatever it works out to be. So 
there may be phenomena that will be observed by these that are not 
observed at all by this. But the ones that they can both do, this one 
will do far more copiously. Even though electrons, and the photons 
they produce, are less efficient than are protons as producers of most 
particles, the Linae will still far excel. The higher energies and in- 
tensities to be available make possible significant extensions of second- 
ary interaction studies. That is where we use these particles in turn 
as projectiles to bombard nuclei and study interactions. 

This is true especially with particles, which are otherwise too rare 
to beso used. Of the particles we have observed we don’t have enough 
todo any more than to just look at them. 

But the primary scientific interest in this machine lies in studying 
directly the specifics of electromagnetic interactions. The production 
of secondary particles is by a different mechanism than with protons 
and one that seems simpler because we have a better understanding 
of electromagnetic than of nuclear forces. The production of all 
known strange particles by the electromagnetic interaction at energies 
well above their thresholds should yield extremely valuable informa- 
tion concerning the production processes. It is also possible that new 
and as yet unknown particles will be produced. 

Especially interesting is the possibility of the direct electromag- 
netic production of weakly interacting particles not hitherto ob- 
served. The very high intensities expec ted are essential to any search 
for such inevitably rare events. The implication of this is that there 
may be down toward the bottom of the chart new particles that we 
don’t know about, that we have enough energy to make but we have 
never had enough intensity to make enough to see them. Intensity is 
terribly important as well as the energy “of individual particles. 

The unique potentiality of the proposed accelerator lies, however, 
in the possibilities it affords for structural studies of elementary 
particles. A 12 Bev. electron striking a proton has a wavelength only 
about one-sixth that of the highest energy electrons used so far. In- 
deed, this wavelength is only about one-twentieth of the radius of the 
proton and the proton structure could in principle be studied to fea- 
tures of this size. 

We could probe into the depth of the proton to see if it has an 
internal structure rather than the fuzzed sort of thing. The struc- 
ture studies can be of two general sorts. Elastic scattering experi- 
ments can extend those described earlier to give more detailed infor- 
mation on the structure of the nucleus and of the proton and the neu- 
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tron. In inelastic interactions where secondaries are produced, in- 
formation can be gathered as to the structure of both the struck and é 
of the secondary particle. This will be a tremendous asset because 
so far we have not been able to study the structure of these transient | 
particles at all. ee 

Perhaps most important of all the possibilities is a very general i 
consideration. Inherent in all the experiments described, and in } t 
others conducted for the purpose, is the study of the electromagnetic 
interaction itself. It is quite possible that at the very short distances |  t 


SS gt 


involved the laws of quantum electrodynamics may be altered or even | 0 
fail completely. 
Indeed the results of such experiments could raise questions of tl 
great philosophic and scientific interest. Under dertain circum- 
stances, the question might be raised of a radical revision of our con- P 


cept of space itself. At sufficiently short distances do the axioms of | th 
Euclidean geometry fail? Can even the notion of continuity of space 
itself be maintained? Even should such conceivable anomalies not f 
be found, information on these points would be most valuable. a 
In addition, it should, of course, be pointed out that in all previous | in 
experience such significant extensions In experimental possibilities, as | ac 
here proposed, have led to completely unanticipated results and 
opened new realms of interest. Indeed, it would be startling should 
this case be otherwise. Such possibilities are among the most im [| Er 


portant reasons for taking such a significant step into the unknown. is ¢ 
To recapitulate, the proposed accelerator will: thi 
1. Provide a greatly enhanced source of antinucleons and strange | an 
particles and hence permit broad extensions of secondary reaction ] 
studies. anc 
2. Permit much more extensive and accurate studies of electromag: | do 
netic particle production processes. pre 
3. Make possible far more accurate and detailed studies of nucleon I 
structure and the extension of such studies to other particles. the 


4. Extend to much shorter distances our knowledge of the laws of | He; 
electromagnetism and possibly disclose anomalies of profound/ Un 


significance. aces 
5. Afford the possibility of opening up as yet unvisualized fields of | D 
scientific interest. | of \ 


In summary, those of us who have so enthusiastically endorsed this} DD 
proposal have done so because this Linac is the best and indeed the} guis 
only means to fill a vital need for sharply focused electron beams off [D 
higher energies and far higher intensities than otherwise available;} )D 
because with minor interruptions in its use and modest capital outlay} DPD 
its energy can be increased to even higher values; and finally and im- } phy; 
portantly because Professor Panofsky, Professor Hofstadter, Profes- | big | 
sor Ginzton and their colleagues constitute a group of research phys-| D, 
icists and accelerator engineers that is unexcelled in general and is un-} stan, 
equaled in the construction and utilization of linear accelerators. | chin 


Thank you very much. two 

Representative Price. Are there any questions ? off t] 

Senator Bennetr. We had one question come up yesterday. IsfTllin 
there a meeting in London to discuss “few nucleons” ? Mi 


Dr. Witt1aMs. I just returned from that conference Sunday after-| Prin, 
noon. 
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Chairman Anperson. In four or five well chosen words, what is a 
| “few nucleons” ? 


e Dr. Wiiuiams. The fewest is two. The few nucleon problem is 
t | what happens when one nucleon strikes another and by this collision 

and scattering one can find out the details of the law of force exerted 
1 in between. Tt you do that, then there would be hope that if you have 
n | three together, knowing the interaction of any two, you can describe 
ic how three behave. What a triton might be. This is the problem to 
es | try to describe the behavior of the nucleus in terms of the interaction 
n | of pairs of nucleons that exist. 


Senator Bennerr. Mr. Chairman, it is very comforting to note that 
of the meeting has been held and we don’t have to go into it. 


n- Representative Price. Dr. Haworth, you were on the President’s 
n- | Panel that looked into this proposal. je you satisfied it was very 
of | thoroughly looked into? 

ce Dr. Hawortrn. Yes, Mr. Price. As a matter of fact, I was on both 


,ot | panels, as you probably know. Between them a number of us spent 

a very substantial fraction of our time for a good many months look- 
yus | ing into this whole question. We did not look just at the Stanford 
as | accelerator, but at the total picture. 


nd Representative Price. What other panel are you referring to? 

uld Dr. Hawortu. The National Science Foundation Panel on High 
im | Energy Accelerators, which preceded the President’s panel. This 
\. isa panel of 12 people, I believe, all of them from laboratories active in 


this field. Wespent a great deal of time looking at this total question, 
nge | and I believe everyone did a very thorough job. 
fon Representative Price. On the two panels that you referred to, 
and any other panel you may have considered the Stanford accelerator, 
1ag: | do you feel that there was appropriate representation of the various 
proponents of other types of accelerators and from various regions? 
leon Dr. Hawortn. Sir, I would like to read to you the list that has on 
the National Science Foundation panel in addition to myself. Dr. 
vs of | Herbert Anderson of the University of Chicago. Of course, the 
ound | University of Chicago people will be big users of the Argonne 


» accelerator. 
ds of} Dr. Richard Crane of the University of Michigan, who is president 
of MURA. 


ithis| Dr. Bernard Feld from MIT, who will be one of the most distin- 
d the | guished users of the Cambridge accelerator. 
ns off Dr. Ed Lofgren from Berkeley, who is in charge of the bevatron. 
able; Dr. Schiff from Stanford. 
utlay} Dr. Frederick Seitz, whom many know, who is chairman of the 
d im- physics department at the University of Illinois. They also will be 
rofes- | big users at Argonne, and they are members of MURA. 
phys-| Dr. Robert Serber, of Columbia University, who is one of the out- 
is un-} standing theoretical people both in the research use of these ma- 
ors. {chines and also in the design of machines themselves. He was one of 
two people that helped develop the original betatron which started 
off these very high energy machines. He was a colleague of mine at 
$} Illinois at that time. 

Mr. Milton G. White, who is the head of the accelerator project at 
after-| Princeton University. 
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Dr. R. Wilson, or Cornell University, who is in charge of the 1.4 
Bev. electron machine there. And finally myself. 

On the other panei there was McMillan, who is the director of the 
Lawrence Radiation Laboratory at Berkeley; Dr. Piore, who has 
already been mentioned; Dr. Hans Bethe from Cornell, who is one of 
the outstanding theoretical men in the world in this field; Dr. Jesse 
Beams, from the University of Virginia, and myself. So the different 
groups were very w ell represented. 

Chairman Anperson. Doctor, I had some communication a while 
ago from people who were interested in the MURA project. This per- 
son said that the MURA project got turned down in the United 
States, but our exposition of it was sufficiently good so that Russia 
is starting to build one. Have you heard anything to that effect ? 

Dr. Haworrn. I have not heard that ; no. 

Chairman ANnperson. Do you know the basis of the new large 
Russian one / 

Dr. Hawortu. The new large Russian one, to the best of my knowl- 
edge, is a larger version of the Brookhaven alternating gradient 
synchrotron, a 50-Bev. machine of roughly twice the diameter. 

Representative Price. In other words, it is a stepped-up version of 
the one they presently have ? 

Dr. Hawortn. If I can go back to the chart (fig. 5, p. 84) the one 
that we usually speak of as their having is this one down here, 10 Bey. 
That is simply a Chinese copy, but on a bigger scale, of the bevatron. 
If you take a photograph of it and put it alongside of the photograph 
of the bevatron and make the one picture twice as big as the other, you 
would never know the difference. It is not working very well. Its 
intensity is low, and there are fairly fundamental engineering difficul- 
ties that they are having trouble with. It is not shown on this chart, 
but they are building one right in here, which is actually a smaller 
version of the Brookhaven AGS. They are building it as a model for 
this 50 Bev. one which we put on this chart. You must realize, of 
course, that intensitywise the Russian one is just speculation. We 
don’t know. They don’t know, either. We can make pretty good 
estimates on those that are engineered and so forth. The say it is 
going to be 50 Bev. Where it belongs up and down we don't ‘know. 
We know it can't be very high. But whether it will be here, here, or 
here, we don’t know. We gave them the benefit of the doubt on this 
chart. 

Representative Van Zanpr. Regarding the 10 Bev., is it the Dubna 
facility? 

Dr. Haworrn. Yes. 

Representative Van Zanpt. You say they are still having trouble! 

Dr. Haworrn. My best secondhand information was in April and 
they were still way down here. 

Representative Van Zanpr. We were there in the fall of 1957 and 
they were having trouble then. 

Dr. Haworrn. Yes. You might be interested as far as we can tell 
what their major difficulty is. There are 36,000 tons of steel in that 
machine. Obviously they didn’t pour it out of one ladle in the steel 
mill. As you take different batches they will be of different quality. 
In the cosmotron and bevatron and all these other machines we very 

carefully meast.red each block of the magnet, and then we placed them 
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in position so that a good one is next to a bad one, so then it averages 
out around the machine. They took them in order as they came from 
the mill. So they have one side of the machine that is different from 
the other in terms of the quality of the steel and so forth. That is 
basically what is causing the trouble. 

Representative Price. Isthis speculation ? 

Dr. Haworrn. No, we know that to be so. They admit that. 

Representative Price. Are there any further questions ? 

Chairman Anperson. Before we finish, Mr. McCone, before you 
came in, I raised the question of these electrical current costs here, 
and in the Northwest, because there was some suggestion of the use 
of a tunnel in the Northwest. The Senate Interior Committee has 
had before it this problem of an intertie between the Northwest grid 
and an application that Pacific Gas & Electric has made to bring some 
of that current down to California. I don’t believe they are going to 
use more than 60,000 kilowatts even in that intertie. I am wondering 
why if the intertie is going to be built that the Government does not 
bring it right down and supply it to this project. Each mill will save 
you many dollars a year, roughly, so that a difference of 3 mills in cost 
might save $3 million a year. 

Mr. McCone. A mill would save you $420,000 a year. It is about 
$7 a kilowatt year per mill, if my arithmetic is right. 

Chairman Anpverson. I will take that figure. Mine was a very big 
guess. 

Mr. McConer. That is at an 80 percent load factor. That would be 
about $7; 60,000 kilowatts would be about $420,000 a year per mill. 
I don’t know what the transportation cost of that power would be. 
Wecan go into this pretty carefully. We have not done it. 

Chairman ANnperson. I am only suggesting that if the intertie is 
being arranged for the benefit of taking care of some of the States, 
it would be terrible to sell it at 2 mills and buy it at the other end 
at 6 or more. 

Mr. McCone. Yes. There are very complicated arrangements as 
tohow that low-cost Bonneville power comes in. 

Chairman ANnperson. They are planning to buy it at dump power 
rates which is away below 2 mills. I only suggest that might be 
explored. 

(Correspondence on this matter follows :) 


JULY 21, 1959. 
Hon. Joun A. McCone, 
Atomic Energy Commission, 


Washington, D.C. 


DeaR Mr. McCone: This is in reference to our conversation of a few days ago 
during a joint committee hearing on the linear electron accelerator proposed to be 
built at Stanford University. 

At that time the relative cost of electricity as it might affect the annual oper- 
ating expense of the accelerator was a topic of discussion. 

At its proposed initial power, the accelerator must have available a firm supply 
of 60,000 kilowatts of electric energy. Should the accelerator be extended to its 
ultimate 45 billion electron volts, as testimony indicated it might, the demand 
for power would scale upward in excess of 200,000 kilowatts. Obviously, the 
cost of electricity in operating the accelerator is of prime importance. 

I would be interested to know what thought the Commission—and the admin- 
istration in general—may have given to this matter, the alternatives which 
might have been studied, and what efforts could now be made to reduce the 
Prospective cost of electric energy as eventually delivered to the accelerator. 
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Doubtless you are aware that on April 8 and 9, 1959, hearings were conducted 
by the Senate Subcommittee on Irrigation and Reclamation on proposals that 
the Pacific Gas & Electric Co. be allowed to build an intertie between the Bonne- 
ville Power Administration service area and California. A report is due by the 
end of this year as to a final recommendation as to the desirability of this inter- 
tie, but there was considerable evidence that it would be beneficial, at least to 
California. There is surplus electric energy in the Bonneville area during cer- 
tain months of the year which could be made available by means of the intertie 
to California, where, during the same months of the year, a power shortage 
exists. 

My thought is that the surplus Bonneville power, generated in a Government- 
owned facility, could be used to advantage in the operation of another Govern- 
ment-owned facility—the proposed Stanford accelerator. If the intertie were 
constructed, it could make at least some power available to Stanford at dump 
rates below the presently quoted rates from private sources. After a prelimi- 
nary look at the estimated cost of the intertie, it would seem to me that the 
Government might make accelerator operating savings of such size by means of 
the intertie that it could pay for constructing the high-voltage intertie trans- 
mission lines, not to mention other benefits enumerated in the hearings. 

I would be pleased if the Atomic Energy Commission would look into this 
proposed intertie in an effort to find out two things: 

(1) If it is decided to construct the intertie, would it be to the advantage 
of the Government to revert to the earlier program which was proposed on 
March 19, 1959, in House Resolution 3294 of the then Congressman Clair 
Engle, now Senator Clair Engle, by which the Government would build the 
intertie, since Bonneville power is public power? or 

(2) If Pacific Gas & Electric is to build the intertie to wheel its public 
power into its privately owned distribution lines, should it be required to 
make a wheeling agreement with the Government that it would move certain 
amounts of this power to the Stanford accelerator at what obviously should 
be substantial savings to the Government? 

When we had the hearings on the intertie, I was of the opinion that it might 
be to the advantage of the Government as well as to the utility if this dump 
power from Bonneville could be all utilized, but at that time I had no knowledge 
of the Stanford accelerator. It seems to me that the Stanford accelerator makes 
the intertie far more desirable in that it can give a chance for private industry 
to have some of the dump power for its own use, but at the same time make the 
initial block of power transmitted over the intertie available for Government 
operation of the Stanford accelerator. 

Sincerely yours, 

CLINTON P. ANDERSON. 


U.S. Atomic ENERGY COMMISSION, 
Washington, D.C., July 27, 1959. 
Hon. CLINTON P. ANDERSON, 
Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


DEAR SENATOR ANDERSON: Your letter of July 21 requested information on 
relative cost of electricity as it might affect the annual operating expense of the 
proposed linear electron accelerator at Stanford University. 

Based on most recent Stanford computations, the accelerator will have initially 
a connected load of about 50,000 kilovolt-amperes with the possibility of expand- 
ing to 120,000 kilovolt-amperes with extension of the machine. The average 
monthly power demand for the initial machine will be about 30,000 kilovolt- 
amperes with a load factor of about 60 percent. Stanford estimates full-time 
utilization of the machine, but the power demand will vary and is expected 
to average about half the maximum energy. As the accelerator will operate con- 
tinuously while experiments are being conducted, our studies have been based 
on using firm power for this load. 

It may be possible to develop some savings by using dump power from the 
Bonneville Power Administration, firmed up by power from other sources. 
This becomes a very complex problem, however, and the results will depend 
largely on negotiations and arrangements that can be made for bringing such 
power to the Stanford site. 
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As you realize, this project is in the early stages and many of the details have 
not been fully explored. To date, Stanford’s cost estimates have been based 
on standard rate schedules from the Pacific Gas & Electrie Co. These schedules 
indicate power costs of approximately 9 mills per kilowatt-hour at the antici- 
pated load factor. This figure has been included as one element in the Stanford 
operating cost estimate. There are indications that these costs can be reduced 
by negotiations at a later date, when more definitive information regarding 
the project power demand is available. 

We have discussed our requirements with the Bonneville Power Administra- 
tion and have asked them to consider the problem of serving the accelerator 
load with low-cost power. As a result of the hearings, referred to in your 
letter, before the Senate Subcommittee on Irrigation and Reclamation, held on 
April 8 and 9, 1959, discussions are now in progress among Bonneville, the pri- 
vate utilities, and the numerous other Federal, State, and municipal agencies 
in the area, which will cover the questions set forth on the second page of your 
letter. We will work with Bonneville to develop answers to these questions. 

We will keep you advised of the results of our review and the cooperative 
studies with Stanford and the Bonneville Power Administration, 

Sincerely yours, 


JOHN A. McCone, Chairman. 

(Further correspondence on energy costs will be found in app. 11, 
p- 644. ) 

Mr. McCone. We will do that. 

Representative Van Zanpr. Dr. Haworth, in your statement you 
pay a tribute to a group of physicists, especially Dr. Panofsky. 

Dr. Haworrtn. Yes. 

Representative Van Zanpr. I might say a few of us were in Geneva 
a few weeks ago observing Dr. Panofsky in his new role as the head of 
our technical group and he is doing a magnificent job. 

Dr. Haworrn. I am sure he would. I have known him for a long, 
long time, and I have never seen him to be anything else but magnifi- 
cent. 

Representative Van Zanpt. While he appeared to dislike the politi- 
cal flavor of the atmosphere, technically he was doing a terrific job. 

Dr. Haworrnu. I am sure. 

Representative Price. Doctor, this question has been asked before, 
but for the purpose of the record, I would like to have your comment. 
That is the fact that the Cambridge 6 Bev. accelerator was considered 
during your deliberations on the necessity of the Stanford machine? 

Dr. Haworrn. That is right. The NSF Panel and the other panel 
studied the whole field, all the accelerators, and the uses for them. 
We did not simply look at the Stanford thing, as an isolated matter. 
That was our job. As we have every 2 years for several years, we 
were instructed to look at the whole picture. 

Representative Price. Notwithstanding the fact that the Cambridge 
accelerator will come into operation within a year or so, it was thought 
sufficiently advantageous—to be enough newness about this linear 
accelerator to make it of importance in the program / 

Dr. Haworrn. That is right. There are three important reasons. 
One istheenergy. If anything, that is probably the least of the three. 
The really important ones are: first, the very much higher intensity. 
You can see on that scale it is more than 100; it has 50 to 100 or more 
times as many particles as the Cambridge accelerator. Second, 
terribly important for these things that I call structure studies, is the 
fact that the linear accelerator has a beam coming out at the end which 
is sharp—which is focused so you can make accurate measurements for 
studying the internal structures. It isa much more effective machine 
than any circular machine could possibly be. 
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Representative Price. You have about reached your limitation with 
the circular machine with the Cambridge accelerator / 

Dr. Hawortn. That is right. 

Representative Pricer. Are there any further questions? If not, the 
next witness will be Dr. Edward L. Ginzton. 

Thank you very much, Mr. McCone and Mr. Floberg. 

Mr. McConr. Thank you, Mr. Chairman. 


STATEMENT OF DR. EDWARD L. GINZTON, DIRECTOR, STANFORD 
MICROWAVE LABORATORY, STANFORD UNIVERSITY 


Dr. Ginzton. Mr. Chairman, I would like to offer a prepared writ- 
ten statement which ties together our formal proposals with what has 
been said before. This written statement is much too long for me 
to present orally. Therefore, I would like to offer it for the record, 
if I may. 

Representative Price. It will be accepted as part of the record.’ 

(The statement referred to follows :) 


1 See app. 5, p. 565, for list of technical reports prepared by Stanford on accelerators. 
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Appendix 6 


THE PROPOSED STANFORD TWO-MILE 
LINEAR ELECTRON ACCELERATOR 


Statement of E. L. Ginzton, 
Stanford University, July 14, 1959 
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SUMMARY 


The material presented by Mr. Floberg, Dr. Williams, and Dr. Haworth 
which precedes this document has amply described the proposed construc- 
tion of a large linear accelerator at Stanford University. It remains 
for the representatives of Stanford to give you a description of the 
project. 


The salient features of the proposed accelerator are as follows: 


l. It will accelerate electrons rather than protons, which . 


would make it a unique facility among machines above 10 Bev. 


2. Under conservative operating conditions it will produce an 


energy of 15 Bev. 


3. It can later be expanded to an energy of 45 Bev at a small , 


fraction of the cost of a new machine at that energy. 

4, It will have higher beam intensity by a factor of 10,000 than 
other proposed machines in the same energy range. 

5. The excellent geometrical characteristics of its beam will j 
accentuate its usefulness as a research tool. 

Since we are aware that the project would involve the larvest 
single expenditure of funds for a single-purpose research activity, we 
feel it important to describe not only the ultimate aim of the program} 
but also to give you a simple picture which will show how a linear j 
electron accelerator operates, and how the present two-mile accelerator 
proposal evolved from a modest beginning in 1947, 


The development of the linear electron accelerator at Stanford | 


has occupied a span of many years, starting with Hansen's invention of } 
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the rhumbatron in 1935, and exploiting the Varian invention of the 
klystron at Stanford in 1937. Im the post-war period, ten accelerators 
have been built at Stanford for various purposes; one of these, the 
Mark III, hasclearly demonstrated the usefulness of the linear accel- 
erator in high-energy particle research; another, the Mark IV, was 
built to provide a vehicle for research and development of camponents 
and to establish a firm basis for any future proposal for a multi-Bev 
accelerator. The idea of building a very large linear accelerator was 
first considered seriously by the Stanford group immediately upon the 
campletion of the billion-volt Mark III accelerator. The evolution of 
particle physics and the continuous interplay of experience with the 
Mark III and eamponent improvements provided by the Mark IV, together 
with theoretical studies of various kinds, led to the point where a 
serious consideration of the technical features of a two-mile accelera- 
tor was possible in 1956, resulting in a proposal to the Govermment in 
April 1957. Further cost studies, component development, and other re- 
lated activities have been in constant progress at Stanford up to the 
present time. Based on this continuing work, we believe that we are now 
ready for the preparation of final designs, blueprints, and construction. 
Construction costs, now estimated at $105,000,000, with a parallel 
expenditure of $18,000,000 for camponent development and testing, have 
been arrived at over a period of three years of study, constant review 
by Stanford groups, industrial firms, consultants, and personnel in the 
Atomic Energy Commission. We feel that these estimates are as accurate 


as they can be made prior to obtaining actual bids fram formal blue- 


prints. 
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The cost of operation, upon completion of construction, is esti- 
mated at $15,000,000 per year. This is a reasonable budget, being / 
based upon extrapolation of our present experience with Mark III opera- 
tion, and taking into account a 24-hour-per-day operations schedule and 
the experience of many other institutions where large accelerators are 
now in operation. 

We should like to repeat what you have heard stated by others: we 
propose to make the facility, upon campletion, available to qualified 


scientists without regard to their normal residence. We fully recognize 


that despite the fact that construction of the preposed two-mile machine | 





can only be carried out by Stanford personnel at the present time, the 
expenditure of so large a sum of money would necessarily place this 

activity in the class of a national facility. We propose to assure this | 
arrangement by creating a suitable administrative structure with par- 
ticipation fram many universities and other establishments. We would 

also like to observe that the value of this project lies not only in its 
being the largest accelerator in the world, but also in the fact that | 
it is basically different from all other high-energy instruments above 
10 Bev being built or designed in the United States and elsewhere. Much 
of the fundamental information about the nuclear world is as yet in- 
perfectly understood, making it impossible to establish a specific | 
research program for any multi-Bev machine far in advance. Because of 

this, we believe that diversity among several installations - in kind ott 


particle, energy, intensity, geometrical factors, and other beam con- 


siderations - is as fundamentally important to final success as is the 
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size of the machine and its potential energy. Thus, we do not believe 
that it competes with any existing project but rather is camplementary 
to then. 

Finally, we fully recognize that the scope of the project repre- 
sents a major engineering challenge. We have carefully considered the 
many possible difficulties, and we firmly believe that the machine will 
work very successfully and will represent a major asset in the efforts 


of science to obtain a basic understanding of the structure of matter. 
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I. INTRODUCTION 


It will be my purpose today to describe to you the large linear el- 
ectron accélerator which has been proposed for construction at Stanford 
University. Before going into the details of operation of the proposed 
machine and its characteristics and potential usefulmess in nuclear 
physics research, I should like to describe briefly to you the way in 
which our proposal came to be, and the various steps it has gone through 
since it was first formulated. 

As early as 1954 there developed an interest at Stanford in explor- 
ing the possibility of a milti-Bev linear electron accelerator. The 
Mark III accelerator, now operating at 700 Mev, had then been in use for 
about two years. The results with this machine had been sufficiently 
promising during that time, and its operation so satisfactory, that we 
began to consider the problems which might arise with a much larger 
machine. Our preliminary work showed quite clearly that the idea of a 
much larger machine, perhaps two miles long, was in fact a sound one, 
since it required the development of no new basic ideas or techniques, 
but simply an extension of our present methods. Accordingly, in 1956, 
we established a study group composed of about 25 staff members of the 


Physics Department and the Hansen Laboratories of Physics at Stanford. 


>; group met regularly, devoting their own time to the project, to work 


out in detail the specifications of a machine of this sort. The result 
of the work of this study group was the submission to three agencies of 
the government, in April, 1957, of a document entitled, "Proposal for a 


—_ + 


Two-Mile Linear Electron Accelerator." Although some of the aspects of 


this proposal have been revised in certain ways (to which I shall refer 
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7 


later), this document is still the main source of information about the 
project, and by far the greater part of its contents still represents 
our best thinking on the various aspects of the proposed machine. Our 
1957 proposal was based on the belief that a linear electron accelerator 
capable of providing an intense beam of electrons at energies up to 45 
Bev was needed to supplement other national facilities in advancing re- 
search in the field of high-energy particle physics. 

Following our submission of this 1957 proposal, a number of other 
related steps have occurred. I shall review these briefly here to bring 
the matter up to date. The consulting firm of William Brobeck and Asso- 
ciliates reviewed our proposal, at the request of the Atomic Energy Com- 
mission, in 1958. This review, dated June, 1958, constitutes a second 
major reference source of information about the project. I shall discuss 
some of the points which the Brobeck review raised in a later section of 
this statement. 

I should like to note also that our proposal has received thorough 
consideration by a number of government agencies and by many physicists. 
In the course of the final review by the Atomic Energy Commission and by 
the Panel on High-Energy Accelerators, headed by Dr. Piore, and appointed 
by the President's Science Advisory Board, certain "ground rules" were 
decided upon which have affected the scope and intent of our proposal 
to some extent. These ground rules will also be discussed in our present 
statement. 

Since some modifications of our original proposal have been made, 

I should like to summarize here briefly the specific machine which is 


now proposed. The accelerator would be approximately two miles long, 
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and would be powered, to start with, by 240) klystron tubes. When oper- 
ated at the conservative output of six megawatts per klystron, the ener- 
gy output from the accelerator would be 10 Bev. The klystrons will be 
designed to provide a maximum output of 24 megawatts, thus making the 
maximum available energy approximately 22.5 Bev. The normal conservative 
operating range of the machine will be in the 10 to 15 Bev range, though 
experiments which are important enough to justify greater operating costs 
can, no doubt, be conducted at or near the maximum energy of the machine, 
It is important to note that the combination of the stated length, con- 
servative klystron power, and the desired energy range of 10 to 15 Bev 

is arrived at on the basis of economic studies, including the important 
question of operating costs. The by-product of the conservative and 
economical initial design, however, is the fact that by increasing the 
number of klystrons to an eventual/960, the ultimate energy of the ma- 
chine could be raised to about 45 Bev. The increase in number of kly- 
strons and the resultant increased energy could be provided when it is 
determined that the usefulness of the machine in research has sufficient- 
ly high scientific value to justify the cost of additional klystrons and 
the correspondingly greater operating costs (see tabulation of design 
parameters.) The machine would be located in two parallel tunnels on 

a l00-acre site which has been reserved by Stanford University for this 
purpose, (An aerial photograph of the site is shown in Figure 1,)+ The 
estimated cost of construction is $105 million (see Figure 2), with an 
additional $18 million proposed for the necessary preliminary engineering 
and related work, It is exnected that the construction period would be KE 
six years, from authorization of the project to the day that research 


with the machine could begin, 





#Figure captions are shown on the back of each figure. 
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IIe PRINCIPLE OF OPERATION OF A LINEAR ACCELERATOR 


To make it easier to understand the operation of the two-mile ac- 
celerator, I should first like to give you an elementary picture of the 


method we use to accelerate electrons and also a general description of 


ANODE 


a simple but practical form of an accelerator which constitutes a "“build- 
ing-block" for large accelerators. 

There are many methods which can be employed to accelerate charged 
particles to high energies. Acceleration can be made to occur either 
in straight or circular paths; and, static, alternating, or a combina- 
tion of accelerating forces can be employed. The simplest of all "linear | 


accelerators" is shown symbolically in Figure 3. This is a diode of the 


kind used in ordinary radio sets and in medical or dental x-ray tubes. 
In the figure shown, a battery is connected between the cathode and 
anode of the diode. The cathode may consist of a nickel button, painted 
with a suitable material, such as barium oxide, and can be heated by an 
electric filament. Under the influence of heat, electrons are emitted 
from the cathode and find themselves in the vacuum between the negative 
and positive plates of the diode. The positive potential causes the 
electrons to be attracted towards the anode. If the battery has a po- 
tential of six volts, we could say that the electrons, upon their arri- 
val at the anode, have a velocity corresponding to a six-volt acceler- 
ating potential; for brevity, we refer to the velocity of the electrons 


by simply saying that this device is a six-electron-volt accelerator, 





further abbreviated as 6 ev. This kind of an accelerator is referred 


to as a "static" accelerator, since the potentials applied to the diode 
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(and hence to the electrons) are in the form of a steady force supplied 
by the battery. To increase the acceleration in this device, one merely 
needs to increase the voltage of the battery. Up to a certain limit, 
this is indeed a practical process; but beyond one or two million volts, 
the process becomes impractical for many reasons, not the least of which 
is its high cost. It is of interest to note that this electronic diode 
can be represented by a mechanical analogy in which we consider the roll- 
ing of a ball down a hill: the higher the hill, the greater the veiocity 
of the ball at the bottom. It is possible to obtain an arbitrarily high 
velocity if one merely makes the hill high enough. 

To overcome the practical difficulties of this approach at higher 
energies, consider next a crude mechanical analogy by means of which I | 
hope to explain the principles of the so-called "traveling-wave linear | 
accelerator." By means of this mechanical analogue it can be shown that | 
great velocities can be obtained even though "large hills" are not used. 
To explain this principle, consider an idealized ocean wave progressing 
towards the shore, as indicated in Figure 4. Suppose that a boy wishes 
to ride a surfboard toward the shore. If he places the surfboard on the 
forward part of the wave, he will find himself on a hill sloping downward 
and he will move forward. If his position on the wave is selected a (Sy 
ly, the boy's forward motion can be made equal to the forward velocity -t 
of the wave and the boy can be accelerated toward the shore in this fixed 
position. Improper positioning of the surfboard on the wave will cause 
the boy to simply bob up and down (as would a cork on a wave) and will 


make it impossible for the surfboard to be accelerated. The successful 


navigation of the boy toward the shore can be referred to as the process 
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of “boy acceleration;" as the wave speeds up, so does the boy. 
In the radio equivalent of this case, strong radio waves could be 
establishing in space by a radio transmitter which I shall refer to hence- 


' 


forth as the "rf source," as shown in Figure 5. Electrons which find 
themselves in space just behind a region of positive electric field will 
be accelerated towards it, only to find that the propagating radio wave 
tends to run away from the electrons. With the proper relation of veloc- 
ities of the electrons and the waves, it would be possible, in principle, 
for radio waves to accelerate electrons in the same way that a boy is ac- 
celerated by a wave. The last example is completely impractical, for 
many fundamental reasons, but it does illustrate a step in the process 


of reasoning. 


We thus arrive at the last model of a linear accelerator, shown in 


Figure 6. A powerful radiofrequency source introduces radiofrequency 


power into a pipe, exciting within it an electric field distribution 
which is capable of attracting electrons toward the most positive point 
along the axis and making the electrons behave as if they were riding 
the crest of a wave (as a boy rides a surfboard). The forces which act 
on electrons in this structure need not be very great, since the desired 
energy can be imparted to the electrons by exposing the electrons to 
waves for a sufficiently long period of time. In any practical case, 
the final electron velocity is determined both by the strength of the 
radiofrequency source and the length of the pipe which, by the way, we 
refer to as the "accelerator waveguide." 

For practical reasons, it is necessary to limit both the maximm 
power and the length of the waveguide to reasonable values, such as 24 


megawatts of peak power and a length of 10 feet. For this particular 
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set of numbers, typicai of the maximum values we suggest for our new 


i 
> 


an energy of 45 million 


volts, or a velocity of 99.994% of the velocity of light. (You are, no 


doubt, aware of the fact that acceleration of electrons is, in fact, 
something of a misnomer, since the velocity at even a few million volts 
causes the electrons tc travel at very nearly the velocity of light and 
the process of acceleration results primarily in an increase in the mass 
of the electrons. In the example just quoted, at an energy of 45 Mev, 
the mass of the electrons at the end of a ten-foot waveguide becomes ap- 
proximately equal to 90 times the initial mass of the electron.) 


Thus, an electron can be made to gain energy at the expense of 


"3 


ower supplied by the radiofrequency field and, if the power and length 


sf F 4 


e sufficient, substantial electron energies can be obtained with only 


@ 
a | 


@ 


moderate axial field in the waveguide. Thus, even though we propose 
to build a machine in which the electron energies may approach 45 billion 
olts, there are no correspondingly large electric potentials anywhere 
in the accelerator. In this respect, the linear electron accelerator 
resembles many of the circular particle accelerators where, by repeated 
passages through an accelerator gap, only moderate radiofrequency volt- 
ages are needed to produce the large final particle energy. 

As mentioned above, reasonable values of radiofrequency power in 
an accelerator waveguide result in substantial particle energies, but 
these are still far below our eventual goal of 10 to 45 Bev. Fortunate- 
ly, it is possibie to arrange accelerators of the kind I have described 
in a straight line, one after another. If the first of these accelerates 


electrons from 0 to 10 Mev, the next will accelerate them from 10 to 20 


Mev, the next from 20 to 30 Mev, and so forth. The final energy becomes 
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proportional to the number of accelerators in operation. Thus, to obtain 
an energy of 45 Bev, one would need to use 1,000 accelerators in a line, 
each one operating at 24 megawatts and being 10 feet long. This would 
lead, then, to a total length of 10,000 feet and a total radiofrequency 
power of approximately 24,000 megawatts. A lower energy, as is often 
desired, can be obtained from such a machine in a number of ways. The 
simplest would be to reduce the radiofrequency power, a process which is 
the most attractive because it reduces the amount of power needed and, 
therefore, the operating costs. Lower energies can, of course, be ob- 
tained with a shorter length of accelerator. The proper relative choice 
of length and power is one of many economic factors which must be taken 
into account carefully. 

The accelerator waveguide, shown in Figure 7, is a copper pipe, 
approximately four inches in diameter, divided into compartments approx- 
imately one inch long. The purpose of subdivision of the pipe into com- 
partments is to control the velocity of the wave so that at all points 
throughout the length of the machine, the electrons find themselves in 
the region of greatest accelerating force. In the case of the boy ac- 
celerator, the clever boy manages to keep himself in the proper position 
along the wave; the inanimate electrons cannot do this, making it neces- 
sary for the designer of the machine to calculate ahead of time the ve- 
locity of the electron everywhere along the length of the machine, inch 
after inch, and to make the velocity of the waves at each point equal to 


that of the electron. Although this mathematical process is simple, it 


results in exceedingly small mechanical tolerances for fabrication, makin 


it necessary to keep the dimensions of the compartments to approximately 


one-tenth of one thousand of an inch. Fortunately, we have been able to 
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process which makes the fabrication problem quite straightfor- 


p 

The last feature of a linear electron accelerator which it is im- 
rtant to understand is the question of orbit stability. It might be 

assumed that getting the electrons to pass through a pipe 3/4 of an inch 


in diameter and two miles in length is an insurmountable problem. Even 


if the pipe were absolutely straight (which, in practice, is impossible), 


it is virtually impossible to aim the electron gun at the beginning of 
the machine so accurately that the electrons will pass through such a 
small pipe. Fortunately, these difficulties are more apparent than real 
for two reasons. First, the difficulty mentioned is not based upon ac- 
curate reasoning because the effects of relativity have been neglected. 
According to the theory of relativity, an observer traveling with the 
electrons would see the pipe greatly foreshortened, simply because every- 
thing approaches the observer with nearly the velocity of light. How- 
ever, the transverse dimensions of the accelerator are not altered, 
making the apparent 3/4 inch hole retain the same dimension, regardless 
of the axial electron velocity. Figure 8 shows a chart indicating the 
degree of foreshortening of the accelerator. For example, if we assume 
that our machine is to be 10,000 feet long, then we find that at an en- 
ergy at 45 Bev the accelerator appears to be only fifteen inches long! 
Thus, the problem of getting an electron through a hole 3/4 inch in di- 
ameter and fifteen inches long is a trivial one - at least as compared 
to the precision needed in- painting an accurate picture on a screen of 
a television picture tube. 


Further, the straightness of an accelerator is not a particularly 
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important matter because relatively simple means can be used to redirect 
the electrons if a small bend in the pipe occurs. This kind of a cor- 
rection can even be done automatically, by providing devices which sense 
the location of the beam inside the waveguide and apply corrective forces 
by electromagnets spaced periodically along the length of the machine. 
Although a practical accelerator contains many more components than 
have been mentioned in this brief description, all of these represent 
simple electrical or mechanical devices, well understood by those skilled 
in building radar-type devices. For this reason, no special mention of 
these will be made in this presentation, other than to observe that pro- 
vision of reliable and economical vacuum, water cooling, and other com- 


ponents and systems represent a significant engineering task. 
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IIl. CCELERATOR DEVELOPMENT AT STANFORD UNIVERSITY 


Although the development of the linear accelerator at Stanford has 
1 been a long range group effort, its beginning can be traced directly 
to the interests of the late Professor W. W. Hansen (1909-1949) in 
ed x-ray research and nuclear physics. Professor Hansen received his 
undergraduate and graduate training at Stanford University, specializing 
- in x-ray research. After a year and a half spent at MIT and at Michigan, 
Professor Hansen returned to Stanford in 1934 to begin a program of 
research of his own. At that time, at Stanford as well as elsewhere, 
the interest in conducting research in nuclear physics rose to a new 
height as a result of the powerful stimulaticn created by Chadwick's 
discovery of the neutron in 1932 and the successful experiments of 
Cockcreft and Walton in producing nuclear transmutations by artificially 
accelerated particles. These and other earlier researches made it seem 
desirable to undertake the construction of new high-energy particle 
accelerators capable. perhaps, of accelerating electrons or protons to 
a few miliion vclts or more. In view of the experience at Stanford 
with x-rays, it seemed natural to Hansen to try to accelerate electrons, 
rather than protons or other heavy particles (which was already being 
done at other Universities, principally at the University of California). 
Hansen's research soon led te the discovery of the “rhumbatron,” an 
empty copper container which, as Hansen proved, cculd be made to act 
as an excellent radiofrequency resonant circuit, capable of developing 
extremely high voltages with the consumption of only a moderate amount 


of radiofrequency power. The work of Hansen in '36 and '37 served to 


test his early theories but did not come to & usefui end at that time 
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for two unrelated reasons the arrival at Stanford of the Varian brothers 
and the subsequent invention of the klystron; and Kerst's successful 


f the betatron. Kerst's methods, so eminently successful, 


' 


un 


made it appear that Hansen radiofrequency linear accelerator concept 
could not compete with the simple transformer action of the betatron, 


certainly not without finding then unknown sources of high radiofrequency 
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The arrival of the Varian brothers produced a profound change in 
research activities in this field at Stanford and was destined to play 
avery important roie. Because of its importance, a few remarks might 
be appropriate at this time. The elder brother, Russell Varian, was 
a graduate student with Bill Hansen at Stanford and, upon completion 
of his graduste studies, he had pursued radio and television research 


in one of the eastern industries. His younger brother, Sigurd Varian, 


mY 


was 4 pilot for Pan-American Airways at that time. In the course of 


zurd Varian recognized the limitations of the existing 


wn 


his daily work, 


4 


or 


navigational aids and wished to find, among other things, a method of 

safe blind-landing. He was also very much aware of the threat posed 

by the rapidly developing German Air Force and the possibility of 

devastating air attacks. At that time there was no effective way to 
combat airplane raids that couid easily be staged in bad weather or at 
night. In iooking for answers to these questions, Sigurd Varian discussed 
them with his brother. Russell. who immediately realized, from basic 
hysical principies, that the only effective way to solve both of these 
problems would be to invent methods of generation and detection of 

radio waves in the centimeter region - waves which cculd be focused into 


beams like search=light beams, and which would not be disturbed by 


atmospheric conditions. 
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-The Varian brothers decided to attack these problems, and they 
est ablished a private laboratory in a small village on the California 
Coast. They soon realized that their efforts were not advancing rapidly 
enough, and they decided to go to Stanford where they might benefit 
from the atmosphere of stimulating scientific discussion and where they 
knew Professor Hansen was already experimenting with novel microwave devices. 

Professor Hansen and others at Stanford were very receptive to the 
Varian ideas, and arrangements were made to have the Varian brothers 
conduct their researches in the Physics Department of the University, 
without salary, and with an allocation from the University of $100 for 
materials and supplies. 

In 1937, after several months of work, Russell Varian had invented 
Each one 
was evaluated by Professor Hansen and found to be inadequate in one 
regard or another. In trying to assess his inventions, Russell Varian 
came upon 4& principle which seemed to be the answer to the fundamental 
limitation of all known ways of generating very short wavelength 
radiation - the so-called "transit-time" effect. The next invention 
that occurred to Russell Varian could not be discounted by Hansen, and 
after a number of spirited arguments it was agreed by all that the scheme 
was probably workable. 

Design of the new invention started immediately; with Hansen's 
knowledge of rhumbatrons, there appeared in a little over a week, a 
sketch which was to become the blueprint for all the klystrons which 
are now in use. The construction of the model was made possible by 
Sigurd Varian's skillfulness, and in a very short time the device was 


operating and generating microwaves. 


43633 O—59——9 
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The Varian invention of the klystron soon reached the attention 
of the Government and of several industrial firms, and led to the rapid 
development of the klystron as used in the World War II radars. The 
klystron very quickly became an important part of the radar developments 
in England and in the United States and played a vital role in the suc- 
cessful air defense of Great Britain and in the ultimate air superiority 
of the Allies during the War. 

Although the above remarks are clearly outside the scope of the 
present hearings, they do set the stage for the following activities 
of the Stanford personnel. During the War, the Stanford group was asked 
to help establish the Sperry Gyroscope Company's electronics laboratories, 
and they played an important part in developing various types of 
radar systems. 

At the end of the War, Professor Hansen, together with E. L. Ginzton 
and J. R. Woodyard. examined the former conclusions regarding the feasi- 
bility of building high-energy linear accelerators. This group, among 
several others, recognized that the war-developed magnetrons made it 
practical to build linear electron accelerators in the range of several 
Mev. It was also quite evident that any higher energies would require 
further development of power sources in order to obtain the power needed 
to equal or surpass the circular accelerators: the synchrotron and the 
betatron. During the years 1946-47 Professor Hansen and his colleagues 
were able to demonstrate, both theoretically and practically, that the 
acceleration process was feasible. In 1947 electrons were accelerated, 
and eventually a 12-foot machine, known as the Stanford Mark I, was 


constructed, and it produced 6-Mev electrons when powered by a single 


one-megawatt magnetron at a wavelength of ten centimeters. 
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The early success of this project at Stanford (as well as elsewhere*) 

id net obscure the fact that sources of higher peak power were badly 
needed. With this in mind, and aided and encouraged by the Office of 
Naval Research, Professors E. L. Ginzton and M. Chodorow began to explore 
possibilities of generating higher power. As a result of their war-time 
experience in klystron research, the Stanford group decided to explore 
the potentiality of klystrons. Professor Chodorow investigated the 
theory of operation of klystrons at relativistic velocities and found 
that nothing would preclude their operation in the multi-megawatt 
range. With a view toward the possible utility of multi-megawatt 
klystrons in a large linear accelerator, and in high-power radar use, 
the Stanford group began to explore possibilities of such a klystron. 
A successful high-power klystron was finally fabricated and tested, in 
the spring of 1949, which demonstrated that power in the range of tens 


of megawatts was indeed practical. 





*The availability after the war of microwave techniques and of 
tubes capable of supplying high peak-power caused several other 
laboratories to undertake work on the problem of electron acceleration. 
Groups which made early contributions were active at General Electric 
Company, The University of Virginia, Purdue University, Yale University, 
MIT, TRE (England), Muiland Research Laboratories (England), and the 
Radiophysics Laboratory (Australia). All of these laboratories worked 
with machines in the energy range below 20 Mev. In recent years, a 
number of industrial firms have been developing machines for industrial, 
medical and other applications. Firms known to be active include 
High Voltage Engineering Co., General Electric Co., Applied Radiation 
Co., Varian Associates, and Hughes Aircraft Co., all in the United 
States; and Metropolitan Vickers, Ltd., and Mullard, Ltd. in England. 
Also. the Vickers Group in England has suggested the construction of 
@ 20-Bev machine, not unlike the Stanford proposal. 


It is understood that the USSR is building a Stanford-like 
accelerator at 4 Bev. Serious consideration is also being given in 
Holland to the construction of a 3-Bev machine for the University of 
Amsterdam. The University of Paris is in advanced stages of construc- 
tion of a 1-Bev machine, expandable in the future to 2 Bev. In 
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Anticipating the almost certain success in klystron development, 


Nl re 


@ proposal was submitted to the Office of Naval Research in 1948 for 
construction of a billion-volt linear electron accelerator. This ; 
: Suid clad ‘i } 
proposal, framed by Hansen, Ginzton, and Chodorow, was supported by ' 
E. Piore of the Office of Naval Research. This project obviously involved 


some uncertainty, since little previous experience was available, both 


in the generation of very high power and in accelerating electrons in 

the proper manner. The proposal was approved, and the construction of 
the billion-volt accelerator, now known as the Stanford Mark III, was 
begun in the winter of 1949 and was substantially completed in the spring 
of 1952. (A photograph of the Merk III is showm in Figure 9.) The 


accelerator worked successfully from the first moment it was tried. 


es 


Partial operation was begun in 1951 with the first 80 feet of the 
220-foot machine in place. Extensive research in physics was begun at } 
that time. Competition for available funds between physics research } 
and the continued construction has in large measure determined the rate : 
of progress in attaining the final billion-volt goal. It can be noted 
that the 220-foot machine, powered by twenty-two seventeen-megawatt ' 
klystrons, has been in constant operation and is currently being | 
extended to 300 feet to make it possible to attain an energy of f 
approximately 1 Bev. 

Perhaps it is not inappropriate to mention that the development 
of the accelerator and its klystrons led to a number of important 


nearly all of these cases, the large machines are either patterned after 
the Stanford machines, employ Stanford-trained personnel, or have ' 
borrowed Stanford staff members for restricted periods of time. | 
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by-products. The high-power klystrons have now been built for a number 

of different wavelengths and different sizes for several defense appli- 

cations, including the DEW Line. A number of electron accelerators, 

patterned after this major development. have also been built for 

medical and other applications and are listed in Table I. 
Table I gives some idea of the continuous research and development 

activity which has gone on at Stanford up to the present time. One of 

the accelerators listed in this table, namely the Mark IV, deserves 

special mention. Construction of the Mark IV was sought by our group ' 

in 1954 for two different reasons: to study methods of improving 

accelerator components; and to study problems which might be encountered 

in construction of a multi-billion-volt machine, such as is now being 

considered. The Mark IV machine, operated by Dr. R. B. Neal and his 


group, and supported by the Atomic Energy Commission, has been invaluable 


TABLE I 


Yr 
4 


to us in establishing many improved methods of design and construction 

of linear accelerators, and now forms one of the two cornerstones of 

our present proposal (the second being, of course, the Mark III accelera- 

tor with its very satisfactory record of operation and research). 
Our interest in the multi-Bev project began with the completion of 

the Mark III machine. The first feasibility study was completed in 1954 

and resulted in a report on that subject. The conclusion of this report 

was that there were no basic reasons which would prevent successful ' 

operation of a machine two miles in length, and that an energy of perhaps 

50 Bev could be attained. Continued support of the Mark IV activity 

under AEC sponsorship has resulted in many improvements which encouraged 


us to believe that a machine two miles long could be built in a practical ; 


form, and that its operating costs would not be prohibitive. 
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The possibility of constructing a two-mile multi-Bev linear electron 
accelerator was first considered formally at Stanford in the early part 
of 1955. Members of the Physics Department group, including Professors 
Bloch, Ginzton, Hofstadter, Panofsky, and Schiff met several times 
during the course of that year to discuss the scientific justification 
for such a project and the general problems that would be involved in 
its construction. In April of 1956 a larger group met. composed primarily 
of the members of the W. W. Hansen Laboratories of Physics, and agreed 
to undertake the more detailed study which led to this proposal . The 
present proposal is the result of the part-time effort of approximately 
twenty-five people working over a period of a year at Stanford and of 
voluntary contributions on the part of several other organizations. 

The latter included Utah Construction Company and Bechtel Corporation, 
which made extensive independent studies of the site and tunnel prob- 
lems and submitted completed reports on their respective solutions. 
Varian Associates was one of the firms which wes generous with its 

time in furnishing cost estimates for construction and operation of a 
klystron facility and the cost of fabrication of klystron tubes. Many 
other individuals and organizations provided important help in arriving 
at our final proposal. 

The final document describing our intentions was submitted to the 
Government in April of 1957. Our efforts to improve our knowledge of 
the design of linear accelerators have been continued since then under 
AEC auspices and have resulted in the firming-up of costs, improved 
reliability of klystrons, and in many other advances. 

It is our hope that this review will serve to indicate some of 


the ways in which we have been continuously involved in microwave 
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research since the mid-thirties, and that the ten linear electron 
accelerators which we have built at Stanford will demonstrate our 
continued interest in this field and our experience in converting these 


basic ideas into operating instruments. 


anc 
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IV. PURPOSE AND CHARACTE 





STICS OF THE PROPOSED ACCELERATOR 


se 
A. Scientific Objectives: 


} During the past two decades workers in the 


ps 


ields of cosmic rays 


4, 


and high-energy physics have shown that matter consists not only of 
rotons, neutrons, and photons, 
but also of a large number of new, seemingly basic particles and their 
posites, the anti-particies. Altogether, there are now believed to 
be about 14 particles lighter than the proton ami 16 particles equal to 


nw heari +h tha an? Rerance ant «4 
or heavier than the proton. Because of e 


53 


a | 
09 


ergy limits in presently 


J 


lah] rPeelerator 
sadie accelerators 


, some of the heavier anti-particles have not yet 


t 


) been observed but are predicted on general theoretical grounds. As 
yet, the nature of these particles is far fram understood, and the 

| pursuit of such understanding is one of the most important and challeng- 
ing tasks facing physicists at the present time. The only known method 

of obtaining these elementary particles in sufficient quantity for 

) detailed study is by the use of high-energy accelerators. This is the 
reason why these machines have assumed such an important and unique 

Osition in the field of scientific instruments. 
As Professor Schiff of Stanford discussed with the Committee last 

} year, the motivation for the extension of accelerators to higher 
energies is twofold: the desire to gain more knowledge about the 
methods of production and the detailed interactions of known and 
postulated particles, and the expectation of revealing basically new 

) phenomena not predicted by any present theories Indeed, it is not 
at all clear whether the anticipated discoveries will consist of ad- 


ditions to the known species of particles, or the clarification of the 
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present rather jumbled picture by revealing new symetries and greater 
order in particle physics, or the discovery of entirely new and 
revolutionary laws or concepts which will cause a major upheaval in 
the entire realm of physics and reiated fields. Justification of 
higher energy accelerators is strong on all of these counts. It should | 
be added that the rate of progress of science is such that the antici- 
pated field of research for a particular machine has often changed in 
character either during its construction period or shortly after the 
machine has been put into service as an experimental tool. This in- 
ability to predict exactly what will happen is, of course, the very 
definition of basic research. 

In the history of high-energy accelerators, many different 
machines have contributed valuable results. For example, in the case 
of pion physics the multiplicity of results obtained with machines of 
diverse characteristics has led to at least a semi-quantitative under- 
standing of an entirely new field of physics in the space of a few 
years. Proton machines were first used to study some of the systematic 
of pion production. Because of the large cross-section for new partial 
production by protons, these machines were able to serve as sources of 
pions for scattering and abscrption experiments. On the other hand, 
because the production of new particles by photons is basically easier 
to analyze than that by protons, the electron machines were most usefu 
in the study of these processes. Together, these different types of 
machines made much greater progress in this field than either could 


have made alone. This is an example where diversification of attack 


upon a given system has led quickly to greater understanding. Althoug 





par 


a Ss 


too! 


par’ 


quar 


cles 


in F 


acce 


mach 


the | 


arti 





ld 


ier 


seful 


houg 


STANFORD LINEAR ELECTRON ACCELERATOR 137 


it is unlikely that at the high energy levels the relative suitability 
of electron and proton machines will continue to be based upon the same 
factors as in the case of pion physics, we are convinced of the con- 
tinued desirability of having machines with varied characteristics 
(such as different incident particles, beam geametrics, beam energies, 
beam intensities, and beam programming in time) rather than simply 
attempting to use a single type of machine for all purposes. 

While bearing in mind the previous statement that the trend of 
scientific investigation is not always predictable, we should like to 
point out certain fundamental kinds of experiments that could, and 
almost certainly would, be performed by the proposed accelerator. 
There are several general applications for particle accelerators: 

(1) as a controlled source of secondary beams of artifically produced 
particles which may be used in further study of interactions; (2) as 
a source of primary particles to study nuclear structure; (3) as a 
tool to study the basic production processes in the creation of 
particles; and (4) as an instrument to study the high-energy limit of 
quantum electrodynamics (this applies only to electron machines). 

A beam of electrons produces approximately 1/30 as many new parti- 
cles as does a beam of protons of equal intensity. However, as shown 
in Fig. 10, the attainable electron beam current with the proposed 
accelerator is approximately 10,000 times as high as that of any other 
machine being designed or constructed in the same energy range. Thus, 
the proposed accelerator should be a much more abundant source of 
artificially produced particles than any of the other machines. 


Because of its smaller rest mass, an incident electron provides 
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a 


a larger center-of-mass energy than an incident proton having the same 


kinetic energy. For example, a 15-Bev electron striking a target 


proton gives the same center-of-mass energy as an incident 19.5-Bev 
proton. Similarly, a 45-Bev electron is equivalent to a 53-Bev proton. 


M+ « 


This means that the energy threshold for production of new particles by 


electrons is lower than the corresponding threshold for protons. The 


center-of-mass energies and thresholds for the production of various 


particles and anti-particles by incident electrons and protons is 


shown in Fig. 11. The thresholds for all known particles are such 


that an energy of 7.5 Bev is sufficient to start producing these parti- 


cles However,the measurement of production cross-sections over 


energies above threshold might reveal specific new physical information, 


as has been recently observed in the case of single photoproduction of 


pions in the Bev region. 


A series of experiments of the second class listed above has been 


carried out by Hofstadter and his colleagues on the 700-Mev Stanford 


Mark III accelerator. These significant experiments, which involve 


elastic scattering of electrons, have measured more accurately than 
ever before the distribution of charge and magnetic moment in a large 


number of nuclei. Similar measurements have also been made on the 


proton and the neutron. With the proposed machine, tae available 
energies of the bombarding electrons will be much higher, and their 
effective de Borglie wavelength will therefore become shorter. Thus, 
it will be possible to study the structural details of nuclei and 


individual particles with increasingly higher resolution. 


Other potential experiments involve the study of the production 
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processes of new particles in inelastic-scattering experiments. As 
pointed out in the discussion of pion physics, the photoproduction 


process is in general less complex than the corresponding heavy- 


particle production process. An additional advantage possessed by the 


linear electron accelerator is the availability of a well-collimated 
electron beam. The ratio of cross-sections for electron-induced to 
those of photoproduced processes gives additional valuable information. 


Two additional experiments which can be performed only with 


incident electrons are of interest. An important reason for increasing 


energies from electron machines to higher levels is the study of the 


electromagnetic interaction itself. At the energy levels we are aiming 


for, it is possible that deviations from the present formulation of 


electrodynamics will be encountered. There is reason to suspect that 


we cannot continue to extend these laws to shorter and shorter dis- 


tances. If this proves to be true, it may lead to important changes 


in fundamental concepts of space and time, and perhaps probability. 
This study requires a large momentum transfer in the electron-scattering 


process, which implies investigations at large scattering angles where 


the cross-sections are very small. Hence, the availability of high 


electron current in the proposed accelerator would be quite essential 


to the success of the experiment. The second experiment involves the 


study of electromagnetic pair production of weakly interacting particles. 
Two examples are now know, the electron and the a meson, which can be 


produced only by means of electrons or photons and only indirectly by 


protons. There may well be other particles in this class, and the 


systematic search for such particles may be an important application 


of the proposed accelerator. 
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In the above discussion many advantages of high-energy electrons 
as bombarding particies in physics research have been pointed out. 
From this it is clear that the linear accelerator is the only machine 
available which can accelerate electrons spove a level of 8 to 10 
Bev. This is the maximum practical energy range of electron synchro- 
trons, because of radiation considerations In addition to making 
higher energies available, the linear accelerator also has the ad- 
vantage of providing an external electron beam of high intensity and 
very small angular divergence. These characteristics greatly increase 
the number and variety of experiments which can be undertaken and the 
general utility of the machine.* 

Finally, it should be emphasized that throughout the world there 
are now only five accelerators being designed or constructed with 
energies greater than 10 Bev. We have listed these machines separately 
in Fig. 12 together with their types of accelerated particle, maximum 


energies, currents, and beam powers. An examination of this chart 





*A further example of the versatility of the linear eiectron 
accelerator is demonstrated by the colliding beams experiment whicn 
will be performed with the Stanford Mark III accelerator. This project 
is a combined Princeton-Stanford effort and is sponsored jointiy by 
ONR and AEC In this experiment, 500-Mev electrons from the Mark III 
are caused to circulate in two tangent magnetic storage rings The 
direction of rotation in the rings is the same so that the beams can 
collide at the point of tangency. The availabie center-of-mass energy 
in this collision is 1 Bev. To obtain the same equivalent energy with 
@ single electron accelerator bombarding a fixed electron target would 
require an incident energy of 1,000 Bev. The expected circulating 
current of 1: ampere in each beam will result in roughiy 2 to 3 colii- 
sions per second. Experimental information from scattering of the 
colliding electrons will be used to check the short-range validity of 
quantum electrodynamics Other contemplated experiments make use of 
a stretched-out gamma-ray beam created by 4 continuously cirtulating 
electron beam in a single storage ring. 
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causes two facts to stand out quite clearly. First, it may be noted 
that the proposed Project M accelerator is the only one of these 5 
high-energy machines which provides electrons for research purposes; 
all the others accelerate protons. Secondly, the beam power avaiiable 
from the Project M machine is higher than that fram the other acceiera- 


tors by a factor greater than 10,000. 


B. General Description of Proposed Accelerator 





Certain technical specifications of the proposed accelerator have 
been changed since our original proposal in 1957. The major revisions 
are as follows: 

1. ‘Im line with the recommendation of the Subcommittee on High- 
Energy Accelerators of the President's Science Advisory Committee, we 
have decreased the number of klystron amplifiers initially connected 
to the accelerator from 480 to 240. This will result in an electron 
energy of 10 Bev, in contrast to the previously stated 15 Bev for the 
conservative operation at 6 megawatts per klystron. The length of the 
accelerator will remain the same as originally proposed so that the 
very important concept of energy “expandability” by connecting addi- 
tional power sources has been preserved. 

2. The maximum peak power output per klystron has been increased 
from 22 to 2k megawatts and the pulse length from 2 to 2.5 microseconds. 
These changes will result in greater potential electron energy and 


improved electron beam duty cycle. 
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3. The klystrons are being designed to provide the maximum power 
of 24 megawatts and pulse length of 2.5 microseconds at 360 rather than 
180 pulses per: second, as called for in our original proposal. The 
cambined effect of greater pulse length and higher repetition rate is 
an increase of maximum beam duty cycle by a factor of 3 at the highest 
energy level. 

4, The klystron modulators and power supplies will be constructed 
at higher ratings to conform with the new maximum klystron performance 
figures. In the initial proposal the modulator power figures were based 
upon 6 megawatts peak power per klystron, 360 pulses per second and 2 
microseconds pulse length. This has caused the total klystron power 
consumption to be increased fram 9.9 megawatts to 20.8 megawatts maxi- 
mum. 

5. The maximm power consumption for all other purposes including 
the target area has been increased from 17.2 to 38.4 megawatts. 

These changes are primarily directed toward the idea of preserving 
expandability in energy by providing initially sufficient power capa- 
bility per klystron to handle the ultimate requirements. This means 
that energy expansion to the ultimate 45 Bev level would later be 
possible by connecting additional power components identical in design 
and ratings to the original set of components, rather than by a compiete 
replacement cf the original equipment. It also means that it will be 
possible to obtain energies as high as 20 Bev with the initial cample- 
ment of klystrons should the imereased klystron attrition rate be 
justified by the scientific urgency of a particular experiment. 

There are a large number of degrees of freedom in the design of a 


linear electron accelerator which make it possible to obtain a given 
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energy in many different ways. The initiai parameters of the proposed 
accelerator were chosen such that a minimum energy of 10 Bev could be 
easily obtained. This energy is above all known particle-production 
thresholds, and is also above the practical limit of the circular 
electron synchrotrons. Im addition, this initial energy would permit 
the investigation of auclear and particie structure at distances as 
small as the nuclear Compton wavelength. 

The energy of electrons fram a linear accelerator is proportional 
to the square-root of the product of the total radiofrequency power 
and the accelerator length. Therefore, the most; economical design 
results when the power-proportional and iength-proportionai costs are 
made equal. A study was made of the various cost factors, taking into 
account both the initial construction costs and operational costs over 
& 10-year period. As a result of this study we chose 2 miles as the 
most econamical accelerator length in the energy range of 10 to 20 Bev 
This results in a machine which has s comparatively low eiectric-field 


gradient (1 Mev per foot campared to 3.2 Mev per foot for the Stanford 


Mark III accelerator). Thus, the design we have chosen is not only the 


most economical based upon currently available microwave power sources, 
but its conservative voltage gradient wili also permit later increase 


in electron energy by a factor of 4 or more without encountering 


simply by adding additional power sources in already existing ‘sockets" 


without other modification of the machine. Indeed, the design is such 


that the energy increase can be obtained with little or no dismption 


energy from the initial range of 10 to 20 Bev to the higher range of 


i 
electric-field limitations. This increase in energy car be accomplished 


} 
in operating schedule. Our estimates show that increasing the electron 
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20 to 45 Bev can be made at a small fraction of the cost of a new machine 
at the higher energy level, Our proposal is concerned only with the 
initial complement of power sources necessary to obtain the 10-to-20 

Bev energy rangeg Any future decision to increase the available energy 
level must be based upon the requirements of physical research and the 
power-cost factors in effect at that time. However, we feel that it is 
extremely important that the ability to expand to the 45-Bev energy 

level should be emphasized both in the basic concept and in the actual 
design of the proposed machine. 

In any energy range, the design of the proposed accelerator will 
permit variation of energy from maximum down to 1 Bev without appreciabie 
loss in beam intensity. This is important because it will permit the 
machine to overlap the energy range of other accelerators of the same 
type, including the Stanford Mark III accelerator, the Orsay Accelerator 
(now under construction in France), and the Russian machine at Kharkov. 
This will permit broad experimental coverage and the extension of cross- 
section curves to both high and low energies without gaps. To operate 
over this extended energy range at high intensity will require the use 
of auxiliary electron gums along the accelerator length. Present plans 
are to utilize six gums, with ho@low cathodes, equally spaced along the 
accelerator length. In addition to permitting high currents over all 
energies, the existence of these guns will allow as many as 6 simultane- 
ous beams integrally related in energy. Thus, it will be possible to 
carry on several experiments at different energies at the same time, 
should this be desired. This is another example of the flexibility of 


the linear accelerator in physics research. 
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The accelerator proper wili consist of a disk-loaded cylindrical 
waveguide, as shown in Fig. 13, supplied with microwave power at a 
frequency of 2856 Mc/sec. The accelerator will be made in sections 10 
feet long, and each of these sections will be independently fed with 
power through a suitable S-band waveguide and waveguide-to-accelerator 
coupler. A total of 960 sections will camprise the ertire aczelerator. 
The accelerator will be supplied with power by 240 klystron amplifiers 


each capable of producing up to 24 megawatts of peak power at 360 


pulses per second and 2.5 microseconds pulse length. The power output 
from each klystron will be divided 4 ways and will be used to suppiy 
power to 4 successive 10-foot accelerator sections. With this initial 
complement of tubes, each operating at the very conservative level of 
6 megawatts, the accelerator will be able to supply electrons with 
energies of 10 Bev. The energy can be jneveueen fram 10 to 2c Bev by 
increasing the power output from each klystron fram 6 to 2h megawatts. 
Operation with a complement of 240 tubes will be referred to as Stage I. 
To operate at energy levels above 20 Bev it will be necessary to 
increase the number of klystroms and their related modulators and power 
supplies along the accelerator length. It will be possible to connect 
@ maximm of 960 klystrons to the accelerator, im which case each 
klystron will feed a single 10-foot accelerator section. This conditics 
of operation will be referred to as Stage II. With 960 klystrons each 
producing 24 megawatts of peak power, an electron energy of about 45 
Bev should be obtained. Klystron connections to the accelerator in 


Stage I and Stage II are shown in Fig. 14. 


The only difference between Stage I and Stage II is in the number 


of power sources connected to the accelerator. There is no distinction 
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meant to suggest that the klystrons cannot be operated 


parallel underground tunnels. 
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on the basis of maximum power output per kiystron or maximm pulse 


repetition rate In each case, power outputs ranging fram 6 megawatts 


to 24 megawatts and pulse repetition rates up to 360 pulses per second 


will be availabie. It is quite possibie that average kiystron life 


will decrease as the power output per klystron is increased. Therefore, 


the decision to operate at higher electron energies (requiring higher 


klystron powers) in either Stage I or Stage II wili always involve a 
campramise between scientific and economic factors. As a rough rule, 
+ 


it is considered that an average klystron life of 2000 hours is 


economicaily tenable. Using this criterion, operation is permissibic 


at power levels which will result in an average life of 2000 hours or 


more. With expected technological improvements during the course of 


the project it is anticipated that the life versus power-output 
characteristics of the klystrons will show steady improvement, so that 


higher electron energies can be achieved without appreciable increase 


in klystron replacement costs. Nothing which has been said here 


- 
n 


at higher levels 
for particular experiments requiring higher energies than normal The 


above restriction refers to average operating conditions, and in any 


case it will probably serve only as a rough guide in establishing 


appropriate limits. 


A summary of the tentative specifications for the proposed ac- 


celerator is given in Table II. 


The accelerator and its related equipment will be situated in two 


The accelerator proper will be located 


in one of the tunrels which is 10 feet wide and i3 feet high The 
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TABLE IT 


ACCELERATOR 


Summary of Tentative Specifications for the Proposed 


Accelerator length 

Length between feeds 

Number of accelerator 
sections 

Number of klystrons 

Peak power per klystron 

Pulse repetition rate 

R. F. pulse length 

Average input power 
klystron power supplies 
other demands (includ- 

ing target area) 


Total Power Demand 


Electron energy, unloaded 

Electron energy, loaded 

Peak beam current 

Average beam current 

Average beam power 

Filling time 

Electron Beam Pulse length 

Electron beam energy spread 
(max. ) 

No. of simultaneous electron 
beams (max. ) 

Operating frequency 

Klystron life (min. ) 

Operating schedule 


Accelerator 


Stage I 
10,000 feet 


10 feet 


960 

2ho 
6-24 Mw 
1-360 p.p.s. 
2.5 usec 


20.9 Mw 


36.4 Mw 


29-3 Mw 


12-24 Bev 
11-22 Bev 
25-50 ma 
15-30 wa 


0.3-0.6 Mw 


0.83 usec 


0.01-2.1 usec 


+ 0.5% 


6 
2856 mc/sec 


Stage II 


127.0 Mw 


4-48 Bev 
-4 Bev 
-100 ma 
pa 

4 Mw 

3 psec 
-2.1 sec 


yon 
S 


OoOOnNWYI NN fo 
on 


he « 


QO. 


+ 0.5% 


/ 


2856 me/sec 
2000 hrs. 
2h hrs/day 


*For the notes referred to in the last colum, see next page. 
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NOTES FOR TABLE II 


Electron beam pulse repetition rate will be adjustable in multiples 
and sub-multiples of 60 p.p.s. It will also be possible to turn on 
the beam for a predetermined number of pulses. The pulse repetition 
rate of the klystron modulators will be adjustable in multiples of 
60 p.p.s. between 60 and 360 p.p.s. Electron beam pulse rates below 
60 p.p.s. will be obtained by appropriate adjustment of the p.p.r. 
of the r.f. drive and the electron gun. 


This is the length of the flat-top region of the pulse. 


Total average imput power to modulator power supplies is based upon 
74 kw output power per modulator and 85% combined modulator-power 
supply efficiency. 


In both Stages I and II the accelerator will be capable of supplying 
electrons with energies as low as 1 Bev without sacrifice of maximum 
current. 


At design loading and maximum electron pulse length. The actual 
currents obtained during operation are expected to be lower. How- 


ever, for very short pulse lengths, even higher currents should be 
obtainable. 


These are extreme limits of beam pulse lemgth. Longer pulse than 
usual is provided to allow injection when accelerator sections are 
partially filled, thus reducing transient energy spread. 


After transient period. 


Design objective. 
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pumps, ad wiring will be located in the 
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klystrons, modulators, \ 


eet wide end 22 feet high In this second 
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tumnel, space will be provided for two-way traffic transporting 
personnel and equipment. The accelerator tunnel cam be entered only 
when the elactror. beam is turned off, but the klystron tunnel can be 
continuously occupied. The two tumneis will be separated by 35 feet 
of earth which wili serve as radiation shislding. There will be a 
lateral waveguide feed between the tummels every 10 feet and a 5-foot 
by 9-foot lateral tummel every 250 feet for personmmei access A 
schematic view of the accelerator site and the tumnals is snown in 
Fig. 15. 

Although. the accelerator is completely underground except in the 
target area, a width of 1000 feet and a length of 10,000 feet of over- 
lying terrain is being reserved. The area included amouwits to 230 
acres. The beam-switching and target facilities increase the total 
length of the iand reservation to 12,600 feet and the total area to 
380 acres. 

The large area availabie for experimental purposes greatly enhances 
the potential utility of the accelerator. It is sufficiently large 
that any foreseeable experiment can be performed. The electron beam 
emerging fram the accelerator will have a diameter of about 1/4 inch 
and an angular divergence of oniy 1079 radians. This excellent 
geometrical quality of the beam will permit a wide dispersal of the 
experimental equipment. This is of great advantage since the machine 
is expected to attract a large number of scientific workers and a 
diversified group of experiments will be programmed. Multiple experi- 


mental stations are especially useful since the equipment required 
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to handle the high-energy beam will be quite massive and relatively 
immobile. An extended set-up time will be necessary in many cases. 

The ability to transmit an intense high-quality beam to multiple experi- 
mental facilities will greatly increase the utility and productivity 

of the machine. A concommitant consideration is that the experimental 
areas can be sufficiently separated and shielded from each other so 

that personnel can work at all the stations except the one actually 
receiving the electron bean. 

A beam “switchyard” will be provided to conduct the beam to the 
various experimental areas. Plans have been made to provide 4 doubly- 
deflected beams plus an undeflected beam. The doubly-deflected beams 
are analyzed in energy and may be delivered to various experimental 
equipment along their paths. 

Both thick-target and thin-target experiments are being conten- 
plated. The thick-target experiments will be conducted inside a large 
(400 foot by 500 foot) shielded building. The three central beams will 
be piped into this building. Local shielding will be provided around 
each target facility in the building. The two outer beams will be 
reserved for thin-target experiments. In these experiments a double- 
focusing magnetic spectrometer will be mounted on a carriage that can 
be rotated in a horizontal plane around the target. 

While it has been necessary to consider the various experiments 
which might be performed in order to provide for general planning of 
the experimental area, only a partial development of these plans will 


be carried out during the initial construction program. Certain 


equipment is needed to carry out the initial testing of the machine 
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and to permit research to start without a long delay while experimental 
facilities are being provided. On the other hand, it would be umwise 
to construct the camplete installation until the experimental program 
begins to reveal the most pramising areas of research and the most 
useful and sensitive techniques. 

For these reasons, we plan to develop initially only the main 


target building and the left-hand double-deflecting magnet systen. 


C. Present Status of Component Development 

Since 1954 an accelerator development program sponsored by the 
Atamic Energy Cammission has been under way at Stanford. The main 
work of this program has been the detailed testing and improvement of 
the various camponents associated with linear electron accelerators. 
Efforts have been made to develop components of increased efficiency, 
reliability, and to incorporate design features contributing to greater 
ease of manufacture, operation, and maintenance. A camplete account 
of this work has been given in the Status Reports of this Project and 
in various Technical Reports prepared by staff members. Space does 
not permit a detailed account of the present status of the large number 
of related camponents. However, we would like to describe briefly the 
present position with respect to two of the most important camponents, 
the disk-loaded accelerator waveguide and the klystron amplific~. 

All of the Stanford accelerators built to date have operated in 
the 7 mode; i.e., the disks are spaced at intervals of one-quarter 
guide wavelength. Recent measurements have shown that the shunt 
impedance of these structures can be improved about 25 per cent by 


designing the accelerator to operate in the2m/3 mode; i.e., witha 


43633 O—59——-11 
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disk spacing equal to one-third of a guide wavelength. The energy of 
electrons produced in a linear accelerator is proportional to the 
product of the total radio frequency power, the total accelerator 
length, and the shunt impedance per unit length. Thus, for fixed 
length, shunt impedance and power have equal influence upon energy and 
may be traded om an equal basis. Alternately, for fixed power input 
the electron energy will be increased by the square root of the factor 
of improvement in shunt impedance. Thus, the 27/3 mode pramises to 


result in better utilization of the available radiofrequency power in 


a ne 


accelerating electrons to high energies. It is our intention to operate 


the proposed accelerator in this mode provided that further tests cor- 
roborate the optimistic results so far obtained. 

Although new fabrication techniques may be devised before the 
proposed accelerator is constructed, our present intention is to 
fabricate the accelerator by an electroforming technique which has 
been developed at Stanford Univesity. In this method, the copper disks 
are stacked on a mandrel and are separated the proper interval by 
means of aluminum spacers. An outer wall of copper is electroformed 
over the stacked disks and spacers. After the electroforming pro- 
cedure has been campleted, the aluminum spacers are removed fram the 
assembly by being etched away in a bath of sodium hydroxide. The 
remaining structure is an all-copper disk-loaded tube in which the 
copper disks are securely bonded to the walls of the tube. This 
process results in the most precise, uniform, dimensionally stable 
and the lowest-loss structure which has yet been obtained by any 


method. Tests have shown that the completed structure can be used to 
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accelerate electrons with excellent results. Thus far, these tubes 
have been fabricated in one piece wits with a maximum length of 53 
feet. The present limit is imposed by the size of the existing electro- 
forming facilities. Although it is possible to braze two of these 

units together to form the desired 10-foot sections, it is our in- 
tention to electroform single 10-foot sections for the proposed ac- 
celerator. 

As already mentioned, the proposed accelerator would require 
initially 240 klystron amplifiers each producing 6 to 24 megawatts of 
peak power. We have had considerable experience with a tube of our 
own design which satisfies these requirements over the past 10 years 
in conjunction with operation of the Stanford Mark II, III, and IV 
accelerators. A photograph of this tube is shown in Fig. 16. A model 
which is more suitable for quantity production is now being designed. 
Design improvements are also being incorporated in the new version 
which should result in increased gain and efficiency and an improvement 
in overall performance characteristics. The new tube will be sealed 
off independent of a vacuum system, in contrast to the older version 


which is continuously pumped. 


D. Schedule of Construction 

There are approximately 25 scientific persommel who are now avail- 
able at Stanford to work on the proposed accelerator construction 
program should it be authorized at this time. The majority of these 
people have had considerable previous experience with high-energy ac- 


celerators of this type and will form the nucleus around which the 


project can grow. 
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During the first six months the above group will carry out basic 
planning and the initial phases of design. New scientific personnel 
will be added during this period and integrated into the existing 
organization. Design of the general laboratories and shops will be 
accamplished during the first half of the first year with the assistance 
of outside architectural firms. 

The entire schedule of construction is shown in Fig. 17. A total 
period of 6 years will be required from the date of authorization wtil 
the machine is ready to undertake physics research. 

Construction of the laboratories and shops will start during the 
latter half of the first year and will take place in two phases so 
that the first group of facilities will be available early in the 
second year. The remaining construction will spread over into the 
third year. 

Tumnel design and site development will start as early as detailed 
plans can be made available during the first year, and construction will 
be completed by the end of the third year. 

Klystron, accelerator, vacuum camponent, power component, and 
instrumentation design will also be begun during the latter half of 
the first year or early in the second year; and, after a suitable 
period of testing and reliability studies, construction will be can- 
pleted during the fourth and fifth years. 

A very important part of the construction program is the assembly 
end test of a short test section of the machine. This test section 
will provide advance engineering and operational information which will 
be very helpful in making the final machine more reliable, more easily 


operated and maintained, and of greater overall utility. 
41 
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' The last half of the fifth year will be devoted to installation of 
the major camponents to constitute the camplete accelerator installa- 
tion. Most of the final (sixth) year will be used for testing of the 


machine, for establishing operational and maintenance procedures, and 


for general "shakedown" purposes. 
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V. COST OF CONSTRUCTION 


The proposal which Stanford University presented to the Government 
for construction and operation of a two-mile-long linear electron accel- 
erator in the spring of 1957 contained estimates of construction cost as 
well as of the annual cost of operations for research. The operating 
costs are discussed in the next section of this statement. The original 
estimating work was done during the period November, 1956, to April, 1957. 
The estimating work was divided into two categories which were handled 
in different ways. One category concerned the general topic of tunnels, 
buildings and grounds. The project's requirements with respect to these 
items were established generally by the technical staff involved in the 
proposal, and these requirements were then discussed with members of the 
Utah Construction Company and Bechtel Corporation staffs whose services 
were generously donated by their firms for the purpose. Both firms as- 
sisted us materially in arriving at reasonable solutions to our problems 
and in estimating the costs of the plant. The estimates for this cate- 
gory, which appeared in our proposal, were provided by the Utah Construc- 
tion Company. 

The other category concerned the components of the accelerator and 
of the equipment needed for their fabrication and testing. The descrip- 
tion and specification of these components was done by a number of com- 
mittees of our staff, each having responsibility for a system or coherent 
group of components, such as, for example, power facilities, klystrons, 
the accelerator structure itself, shielding, control and instrumentation, 


etc. There was much cross-checking between the committees to assure that 


no substantial items had been omitted or incorrectly described. The 
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work of these committees began approximately a year before the proposal 
was printed. Each committee then undertook to estimate the cost of the 
materials, the labor, and equipment required by its specifications. In 
general, these people had had a role in the development and construction 
of the Mark II, III, and IV accelerators at Stanford, and thus had some 
qualifying experience. Current materiai prices were available and were 
used. The labor rates used were predicted on the basis of experience 

in our area as of July, 1959. It should be noted that with respect to 
methods of fabrication the committees were conservative and used methods 
then known and used by us. Even though it was obvious that one should 
be able to expect unit savings when producing, by quantity production 
methods, an accelerator about fifty times as long as the Mark III, we 
were not then able to determine how such methods might be applicable and 
what savings would in fact result. The work accordingly was estimated 
on the basis of what could more properly be called "job lots" than quan- 
tity production. The introduction to our construction cost estimate 
section in the proposal made this fact plain. 

The cost estimate in the 1957 proposal was given as $78,000,000, 
but it was pointed out that this was not actually the full cost, since 
several items had been omitted. One of these was reimbursement to the 
University for indirect costs. This item was not included because it 
could not then be determined. Too many factors, which would establish 
it, would be matters of agreement between the sponsoring Government agen- 
cy and the University, and at that time it was completely unknown if the 
project would be sponsored at all. On the other hand, while proper pro- 
vision for indirect costs, it was noted, would ultimately be important 


to the University, which could not afford to undertake such a project 
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ali actual costs could be recaptured, the indirect costs them- 
not be a significant fraction of the 
item which was not included was an estimate of 
We noted that we did 


the accelerator and ass ated equipment. 


br 


were competent to estimate escalat 


he 


estimate of plant costs did include an ailowance 


(approximately $2,000,000). 


include was an allowance 


contingen time with 


government sponsored levelopment work 
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Tahanratariec: 
Laborator ; 


asked Brobeck Associate 


stimates. nstructions to Brobeck permitte 


challenge our estimates, which we apprecia 


search operations budget, an 


complement research equipment to be used wit he accelerator. 


suggested without any guidance from Stanford that inclusion of reimburse- 


would rais 
tnerefore, 


purposes statement. 


assume that Stanford estimate has been adjusted to $00,000,000 from 
$78,000 ,O00 include both direct and indirect 
respect to the costs which we have presented in the proposal, 
Brobeck added ;000,000. He and his consultants, who included Kaiser 
Engineering for the review of plant work, concluded with respect to de- 


fabrication ar esting of the accelerator components and systems 


should have allowed $3,000,000 more. 


They also concluded that 


$78 ,000 ,000 | 
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we should have provided more space in tunnels and in some of the build- 


jr 


ings, and that we should have allowed for higher standards of construc- 


tion in the tunnels. They therefore estimated $5,000,000 more for the 


Having made this correction, the Brobeck Survey then added costs 


which were not included in our estimates as noted above. The first 


of 


these was an estimate of $4,000,000 for the initial complement of re- 


1 


search equipment to be used for the completed accelerator. The seconc 


was an allowance of $13,000,000 for escalation, and the third $11,000,000 


VV pV 


for contingency. The total, therefore, according to Brobeck, became 


During this past spring, we have engaged in detailed discussions 


,f + a 


the cost estimates with representatives of the Atomic Energy Commis 
ion, and these have led to the figures in the Project Data Sheet which 


has been submitted to this Committee. It will be noted that the costs 


are currently estimated at $105,000,000 for construction items and 


$15,000,000 for research and development work. We would like to point 
out that "Research and Development" is not particularly descriptive of 
the purpose of the $18,000,000. It is in fact true that without advance 


in technology or improvement of components the proposed accelerator could 


still be built. No research or development is needed. On the other hand 


it is equally apparent that it would not be sensible to accept the same 
standards of reliability, economy and convenience for operating a two- 
mile-long accelerator around the clock throughout the entire year a e 


is willing to accept in the case of what might be considered a prototype 


of the big machine, namely the Mark IIT accelerator, which is 220 feet 


long, is operated on approximately a half-time schedule and involves ar 
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annual operating budget of about $1,000,000 a year. In terms of getting 
the greatest return from the approximately $100 million investment in the 
proposed machine, the expenditure of $16 million is believed to be judi- 
cious. This sum will be used to improve the components and systems be- 
yond the stage in which they now exist so as to assure optimum perforn- 
ance, minimum operating costs, maximum reliability, and thereby provide 
maximum time for research. 

The Brobeck revision of the Stanford estimates was accepted as the 
starting point for our discussion with the Commission. As previously ex- 
plained, this estimate was $116,000,000, while the cost figures which are 
presented to this committee now aggregate $123,000,000. There would not 
seem to be any point in repeating in this text the detailed estimates 
which are summarized in the Project Data Sheet, but it may be interest- 
ing to identify and discuss to some extent the changes which have re- 
sulted in the over-all increase of $7,000,000. 

It is possible to summarize briefly the effects of the discussions 
with AEC representatives based upon the Brobeck estimates. These can be 


shown by the following simple table (next page). 
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Title Brobeck Comstruction Components Increase or 
Per Project rovements Decrease 
Data Sheet t and D Per 
Project Data 
Sheet 
Engineering, 
Design, Test 6 
and Inspection $18 x10 $8 $ 18 +$ 8 


Land Improvements , 
Tunnels, Buildings, 


LS 


~~ 


mm 





Utilities, etc. 25 41 - + 16 

Accelerator 
System 39 24 - «» 35 
Equipment 10 10 - ai 
Escalation 13 9 - - k 
Contingency ak __+3 _.* + 2 
$ 116 $105 $ 18 +$ 7 


The major changes are quite apparent. Whereas Brobeck had allowed 
$18,000,000 for all design, inspection and test work including improve- 
ments in the components, the AEC attributed $6,000,000 to construction, 
design and inspection work, and increased the amount available for com- 
ponents improvement to $18,000,000, a net increase of $8,000,000. In 
essence, they agreed with us that this additional investment during the 
design period would repay itself in ten years or less of operations. It 
will be noticed that the totals for the next two categories have changed 
in almost equally offsetting amounts. This is a matter of change of def- 
inition of which of the two categories is more appropriate to record cer- 


tain costs. The escalation factor was too great and the contingency fac- 
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+ 1 
t 


tor tco low in the Brobeck estimate, ir the opinion of the AEC represen- 


oO 


tatives. 
The above is a summary of the major points. Tnere were. of course, 


many minor adjustments, a few of which it may be worth-while to recall. 


ost of procuring klystrons was reduced in accordance 


oO 
4 
@ 
fi 
3) 
a 
rg 
be 
o 
+ 
® 
U 


with the decision that fewer klystrons would be needed in the initial 
operations. Also, at the time the Stanford proposai was written it was 
not prudent to assume that klystrons for the accelerator could be pur- 
chased commercially, and, hence, a klystron producticn facility was con- 
templated. By the time of the AEC meetings. nowever. it was clear that 
a safe commercial supply could be predicted. As a resuit. the size of 
the plant for klystron work and the amount of equipment to be housed in 


it were decreased, reducing it from a production facility tc a deveiop- 


Minor adjustments were also made with respect to buiiding space. 
The allocation for klystron work and for accelerator-tes* sections was re- 
duced by ten thousand square feet. On the other hand, we were persuaded 
hy the AEC that it would be wise to add an equivalent amount for addition- 
al office space for staff, having particularly in mind tne fact that the 
accelerator facility will attract visiting physicists, whose accomodations 
must be provided. In addition, we were convinced that, by reason of the 
distance between the project site and the main campus buildings and vari- 
ous protective services, shat it would be well to add almost ten thousand 
square feet for an auditorium, a cafeteria, a fire station, and guard 
houses. 

The unit costs of all buildings were increased over the Brobeck 
estimates on the basis of AEC's experience during the year since the Bro- 


beck estimate was made. 
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VI. OPERATING COSTS 


A. Stanford 1957 Estimates 

The 1957 Stanford Proposal contained a statement and an estimate 
concerning the annual operating costs after completion of the machine. 
Thig material was prepared by staff members who had direct experience 
with the operational requirements and costs of the Mark III accelera- 
or, and who were moreover aware of the experience in other laboratories 


with high-energy particle accelerators, either by occasional participa- 


L 


tg 


in research programs of these laboratories or by consuitation 


during preparation of the proposal. As far as the costs <f maintéining 


a linear electron accelerator and operating it in physics research 
were concerned, there was no experience eisewhere comparsble to that 
available in our laboratories. On the other hand, other laboratories, 
such as UCRL, Brookhaven and Argonne, had longer experience with 
respect to the needs of high-energy research programs, particularly 

in the development of research equipment and treatment of shieldin 
problems. The staffs of these laboratories were most helpful to us in 
providing information useful in predicting costs of equipping for 
research during the operational period. 

As was true in the construction cost estimate, the operating cost 
estimate did not cover indirect costs, contingency or escalation. The 
basis costs of annual operation included 6 million dollars for running 
and maintaining the accelerator, 2.5 million dollars for the research 
program, and 1.5 million dollars for administration and general 


services for the aforementioned functions The sum of the three items 


was 10 million dollars a year. In additéon to these, we included 


i MA 
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estimates of construction work of two types. The first was $2.5 million | li 
dollars for the construction of large research equipment, such as fe 
research magnets or bubble chambers. The second was $1.5 million dollars Co 
for capital improvements of the machine, shielding and buildings. It in 
was pointed out that amounts of this kind for construction of equipment re 


or plant changes were likely to be a recurring part of the annual operating 


budget. This was in acknowledgement of the general experience at Stan- fo 
ford, and at other high-energy physics iaboratories in the country, that | op 
while it was impossible to predict in detail the specific equipment wh 
and related power sources or housing that would be needed for experiments wi 
some years in the future, it was certain that such needs would arise th 
and would likely represent a third or more of the actual operating costs. se: 


The total budget, therefore, for operating and equipping the accelerator 


for research was estimated at $14 million dollars. sti 

be 
B. Brobeck Analysis. 

me? 

The Brobeck Survey of 1958 estimated these same costs. including 

a 1 
indirect expense, at about 2 miliion dollars more. There was one 

bet 
major difference between the Stanford and the Brobeck assumptions which 

to 
accounts for half of the difference. Stanford estimated that the number 

the 


of physicists using the accelerator in research would be approximately 
50, whereas Brobeck was of the opinion that something like 90 could be 
accommodated. The cost of the 40 additional physicists, plus supporting | 
staff and other related costs, accounts for much of the difference be- 

tween the Stanford and Brobeck figures. It may be that we weherentsmntel: | 
somewhat the number of physicists for whom the accelerator could serve \ 


as a research tool, but it is our opinion that Brobeck's estimate is too 
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liberal. In any case, it is difficult to be precise about costs so 

far in advance. We have discussed the matter with the Atomic Energy 
Commission and are in agreement that $15 million per year is a reasonable 
indication of the operating budget, and that it should be moted now that 
requests for capital additions are probable. 

It is our intention, and an important part of the specifications 
for construction of the accelerator. that when completed it shall be 
operated steadily around the clock and throughout the year. This fact, 
which was recognized in the construction and operating cost estimates, 
will help to derive the maximum returns of new research information on 
the large investment which is proposed for the machine and its housing 
services. 

The construction cost estimates, as indicated in Section V of this 
statement, provide for an initial complement of research equipment to 
be built for use when the machine is operable. The cost of this equip- 
ment is $4 million. Nevertheless, it will become appropriate to begin 
@ transition into the operating budget at some point not yet established, 
before the end of the construction phase. This will make it possible 
to plan in detail the research programs which are to be conducted in 


the early years of operation. 
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f this accelerator has been clearly established, as evidenced by the 
reports of the various panels and agencies and by the testimony presented 
to you by the representatives of the Atomic Energy Commission and bj 
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study of the limitations of present theories of electrical interactions 
become feasible. These are some of the specific reasons which, we believe 
ify the construction of such a powerful instrument for high-enerm 
particle research. 


We further believe that diversity of instruments ic of creat 


= 


tself. Much of the wealth of fundamental information covered 


d 

recent years is as yet imperfectly understood, and it is, therefore 
ot possible to establish a long-term specific prorram of research for 

any multi-Bev machine which is still in the planning stage. It follows, 

: therefore, that diversity among several installations - in kind of 

. . . . + , 

particle. energy, intensity, geometrical and other beam considerations - 
is of fundamental importance in assuring that the basic field of particle 
research will be comprehensively investigated. 

7 history of contribution to research, development, construction, and 


use Of accelerators of the proposed type. The construction of linear 
accelerators is based pri: *ipally upon microwave techniques. a field 
which has been a speciality in the Physics and Engineering Departments 
of the University, stemming from the discovery of the rhumbatron 
Hansen, the invention of the klystron by the Varian brothers. and 


development of the multi-mergawatt klystron by members of the Hansen 


Stanford University is in a unique position to exploit its long 
or | 


Laboratories staff. Some of these techniques, which are required for 


ke 

: @ successful construction of the proposed accelerator, have not yet 
| 1 . *> y , + . c . 

: been duplicated outside of the laboratories of Stanford University. 


Although we expect that much of the fundamental knowledge being developed 


| in these laboratories will eventually spread to industry and eisewhere 
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at the present time the combination of skills available at Stanford make 
the University the logical place to undertake the construction of the 
proposed large accelerator. 

We have considered the precise location of the accelerator very 
carefully and have evaluated several hypothetical sites. Because of 
the requirement of shielding, it is necessary to cover the accelerator 
with a substantial thickness of earth or concrete. This is most easiiy 
done by the expedient of using tunnels to house the machine. It is 
fortunate that a suitable site exists at Stanford, providing two miles 
for the accelerator and merging into a flat 200-acre site where research 
with particles can be conveniently conducted. The proximity of this 
site (five minutes by car from the heart of the University) assures the 
important requirement of close contact between the staff of the project, 
the faculty and the students of the University. If such a facility 
were to exist in relative isolation, there would be a strong and justi- 
fiable tendency to create around the project many of the specialized 
departments which already exist in the University. The diverse require- 
ments and multi-disciplinary character of modern research make this 
inevitable. This development is expensive in time, plant, and personnel 
and need not be undertaken under the circumstances envisioned in our 
proposal. We believe that the ultimate research program for this machine 


must be integrated with the broader and more diverse activities in 


research and education that characterize a modern university. To repeat, 


we do not propose to create a new site which, in time, would expand and 


' 


| 


} 
i 


support programs other than those connected with physics research with 


the accelerator, but we suggest rather the incorporation of this facility 
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within the framework of an established and expanding university program 
in teaching and research. Recognizing that the proposed project is an 
educational and research activity, Stanford University has offered 

the use of 400 acres of its academic reserve for this project without 
cost to the Government. 

Finally, we believe it is not immodest to say that Stanford has, 
at the present time, the largest and most experienced single group of 
men who are qualified to build a machine of the proposed type. The 
essential specialized knowledge, experience in desig, construction and 


operation, and enthusiasm are all present at this University in a 


unique degree. 








178 STANFORD LINEAR ELECTRON ACCELERATOR 


Dr. Ginzron. In that case, Mr. Chairman, I would like to go over 
the more important points of my presentation orally, without direct 
reference to the document, except on occasion. 

Mr. Chairman and gentlemen of the Congress, I would like to first 
of all summarize what it is we wish to build. You have heard our 
proposal described today by the gentlemen from AEC and Dr. 
Haworth. Nonetheless, just to be sure that you see that we are talk- 
ing about the same thing, I would like to repeat the description of 
what it is we are proposing to build. 

First of all, we are proposing to build an accelerator which will 
accelerate electrons rather than protons, making this a unique facility 
among machines above 10 Bev. 

Second, under conservative operating conditions, this machine will 
produce an energy of 10 to 15 Bev. It can be expanded to an energy 
of 45 Bey. at a small fraction of the cost of a new machine. 

Thirdly, the current—or intensity—provided by this machine will 
be approximately 10,000 times higher than any other machine we 
posed in the same energy range. As Dr. Haworth already said, 
will provide an extremely accurate beam in space; for example, the 
beam would have a diameter—if it were to travel in free space—of 
approixmately 1 inch at a distance of 10,000 feet. 

Next, gentlemen, I would like to give you a brief history of how 
this project came into being. If I may digress from the directly 
relevant testimony, I should ‘like to give you a brief picture of what 
has been happening at Stanford since 1935, when this work began. 

Representative Price. The work began on the accelerator project 
as far back as 1935? 

Mr. Grnzron. Yes, sir. The work was begun at Stanford by 
Professor Hansen, a young brilliant physicist who began his research 
just prior to 1935. At that time it was alre -acdy perfectly clear that 
high-energy research would be of tremendous value to science. _ Pro- 
fessor Hansen, being a member of a “poor” university, was in no 
position to buy expensive equipment, and wished to find a cheap 


way of generating high-energy electrons. He spent a great a al of | 


time in search for solutions to this most difficult problem, but soon 
came upon an invention which he called the rhumbatron, which is 
an empty metallic container of this size [indicating a cigarette pack- 
age] whic ‘h could accelerate electrons to high energies. 

Hansen’s proposal did not get very far in 1935 because, at that time, 
there was not enough radio frequency power available to make such 
a device of any substantial practical interest. It was not until much 
later that people were able to invent methods of generating radio 
frequency power to make it possible to get substantial ener gy from 
a small container like this [indicating cigarette package |. 

Professor Hansen did not proceed ‘with his ideas for accelerating 
electrons for two unrelated reasons. One reason was that at about 
the same time Professor Kerst invented the betatron—which made 
Hansen’s scheme seem impractical—not until somebody could invent 
a source of microwave power which would be much higher than 
available to Hansen in 1935 and 1936. The second reason was that 
just about the same time two brothers arrived at Stanford, the 
Varian brothers. They had a fantastic idea: They wanted, first of 
all, to try to prevent bombing attacks of the United States by the 
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German Air Force; and they wanted to invent a way of making it 
possible to land airplanes safely despite bad weather. These plans 
were born in the mind of Sigurd Varian, a Pan-American pilot flying 
to South America where he was often in trouble—as Senator Bennett 
was recently. These difficulties made him realize that something 
had to be done about these very urgent problems. 

The two brothers decided to abandon their good jobs in industry— 
Pan American in one case, and an industrial concern in the East in the 
other—and settle down in their native town on the coast of California 
and proceeded to work on these difficult problems. 

Russell Varian, being a physicist, knew what kind of problem he 
was working on. He knew that in order to penetrate space in dark- 
ness and in bad weather, he would have to “invent” radio waves which 
could be focused in space like light is focused by searchlights. He 
knew he was after microwaves. 

Varian brothers spent approximately a year working on these prob- 
lems, but they just could not get started. They decided then that the 
difficulty with their ideas was that they were working by themselves, 
in a vacuum, and that they should go to Stanford where they might 
be aided by stimulative discussion with other scientists, where they 
would have facilities, and a library to refer to. 

They came to Stanford and were welcomed by Professor Hansen 
and others of Stanford University, and there began a period of 
fantastic productivity. Russell Varian began to invent various kinds 
of devices that could produce microwaves. He invented about 20 
devices which could possibly work, but each one of them Professor 
Hansen took apart as being useless. Finally there arrived an idea 
which Professor Hansen could not find fault with, and Sigurd Varian 
put it into practical form. Within a month’s time the device, the 
klystron, became practical. The first sketch of the klystron was pub- 
lished in 1948 and became a “blueprint” useful for radar devices 
throughout the free world. 

I need to digress further to say that in late 1940 the Stanford group 
was invited to come to Sperry Gyrose ope Co. 

Representative Price. How long have you been connected with this 
project ? 

Dr. Ginzton. Since 1939. 

Representative Price. You played a small part in this yourself ? 

Dr. Grnzton. A small part. 

Representative Pricr. That is not the way we understand it. 

Dr. Ginzton. The Stanford group was asked to come to Sperry 
Gyroscope Co. to help establish that company’s electronic and micro- 
wave activities. We stayed there during the war. 

In 1945, Professor Hansen returned to Stanford and resumed work 
on his linear accelerator ideas, the ideas he had formerly established 
in 1935, but with the major difference—during the war the magnetron 
became available—a very powerful source of radio waves which made 
possible for Hansen to demonstrate the value of his early concepts. 
He built, very soon after he returned to Stanford, a ms whine which 
we now call the Mark I, which provided, in the course of time, 
6 million volts. 
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In 1946, a number of us also returned to Stanford from Sperry and 
began to work on other ideas which, in some ways, were unrelated. 
We were very much aware of the fact that Professor Hansen’s dreams 
of building perhaps, a billion-volt accelerator could not possibly be 
achieved even with the world famous magnetrons. Something more 
powerful was needed. 

A number of us were also aware of the fact that new kinds of 
radar transmitters were essential. Because of these two needs, and 
also because of the pure intrinsic interest in demonstrating something 
that had never been done before, a number of us embarked on the 
idea of developing the world’s most powerful radio tube—which we 
decided to build in the form of a klystron. 

We built the first multi-megawatt klystron in 1949, and it soon 
become the heart of further developments of Professor Hansen and 
his associates. 

Representative Prick. What part did this play in the radar? 

Dr. Ginzron. If I may, I would like to show you this klystron 
tube. (See fig. 16 in Ginzton’s prepared statement, p. 160.) This isa 
tube which was designed by us in 1948-49. _ It was first demonstrated 
in practical form in 1949, and became the heart of microwave linear 
electron accelerators at Stanford and elsewhere. This tube became 
the “father” of a family of klystrons; bigger and smaller; bigger in 
average power; smaller in peak power; shorter and longer wave 
lengths. It is used in the American defense system in the DEW line, 
and in other important systems which I would rather not mention. 

Representative Price. ‘Ts it essential in radar? 

Dr. Ginzton. Not in all forms of radar; but there are many forms 
of radar which could not be built without a klystron. I would like 
to mention, in passing, that a number of klystrons which are patterned 
after this one were, in fact, developed in our laboratories and later 
on transferred to the industry for production. Industrial ingenuity 
has now resulted in many similar klystrons. 

Representative Price. What is the cost of such an instrument ? 

Dr. Ginzron. It depends on the quantity that is produced. We at 
Stanford make these tubes for $3,000 to $6,000 depending on how 
many we make at atime. The production costs of tubes of this sort 
are perhaps about $4,000, a number typical for large quantities. 

Representative Price. Are they all the same size? 

Dr. Ginzron. They come in various sizes. For shorter wavelengths 
they come smaller; for longer wavelengths, they come much, much 
larger. The DEW line is equipped with tubes which are approxi- 
mately this size. 

Senator Bennett. That is the modern adaptation of the original 
Varian invention ? 

Dr. Ginzton. Yes, sir. This is a klystron. In fact, it is no differ- 
ent from the klystron that Varian invented in 1937, and built in 1938. 

It is different only in the fact that it delivers about a million times 
as much power as was developed by the early Varian klystrons. 

This klystron today is the world’s most powerful radio tube—at any 
wavelength. 

As a result of the availability of this particular tube, it was pos- 
sible for us at Stanford to embark upon the development of linear 
electron accelerators with an entirely new perspective. <A tube of this 
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sort would make it possible, with a linear accelerator 10 feet in length, 
to develop millions of volts of energy. 

I will come back to this point later. I am now trying to give you a 
historical background of how we came to be interested in this field. 
I will come back to the use of this tube later. 

As a result of the accelerator activity, there developed a series of 
machines. The most important one was the so-called Mark IIT 
accelerator, which you have heard about before and to which I will 
refer again. That activity, however, was not the only one. We built 
approximately 10 linear electron accelerators, which I have listed in 
my statement—and you see that our interests have been diverse. We 
have built linear accelerators, in a number of cases, for the purpose of 
research in nuclear physics. In other cases, for the purpose of carry- 
ing out cancer treatment with X-rays or even directly with electrons. 
A number of these machines are in operation in various parts of the 
United States, as well as in other parts of the world. 

Representative Price. As a mattér of curiosity, what is the size 
of your Mark III which you show in figure 9 (p. 129) of your 
statement ¢ 

Dr. Ginzton. The Mark III accelerator, sir, is 220 feet in length, 

owered by 22 klystrons. Not all the klystrons are always connected, 
but that gives you the idea. That provides, at the present time, 730 
Mev. That machine is now expanded to 300 feet in length. It will 
be powered by 30 klystrons, and will develop something over 1 billion 
volts. 

If I may, I would like to digress again and tell you something 
about the principle of operation of how a linear accelerator works. 
You may have greater confidence in our proposal if you have an 
insight into the operation of this device—which is not really very 
complicated. 

The simplest possible linear electron accelerator is a device which 
you can find in any home radio set or in dental or medical X-ray 
equipment. Referring to figure 3 (p. 111), is what we call in elec- 
tronics a diode. It consists of a vacuum container—which I have 
not shown—a thing called the cathode, and a plate called the anode. 
If the filament heater heats the cathode, the electrons are forced to 
evaporate from the surface, and become available in front of the 
cathode. If we connect, by means of wires, a battery as shown, then 
the electrons find themselves facing the positive plate and are at- 
tracted to it, that is are accelerated in that direction. If the battery 
happens to be a 6-volt one, then the electrons will acquire upon arrival 
at. the anode a certain velocity; we can then describe this “machine” 
as a 6-volt linear electron accelerator, or for brevity’s sake, 6 ev. ac- 
celerator. In the case of high-energy accelerators, we add M or B 
to stand for million or billion volts. 

This machine could be made a 12-volt accelerator by putting an- 
other 6-volt battery in series with the first one. The difficulty with 
this approach is that, first of all, every time you want to double the 
voltage, every time you want to add 6 volts, you have to pay for an- 
other battery, and this is very expensive. There are other practical 


reasons why this idea is not a good one, but the cost is one of the most 
important ones. 
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This demonstrates, in the simplest form, the linear accelerator. 
The fact that it is impractical for high energy machines makes it nec- 
essary for us to seek other solutions. I shall try to show you how a 
real linear accelerator works. Referring to figure 4, page 113, this 
is a device called the boy accelerator. Suppose we imagine that a 
seagoing wave approaches the beach, like this. Suppose we imagine 
that we have a boy who has a surfboard, and that he places the surf- 
board on a forward part of the wave, in such a way that the boy is 
looking downhill; this then will cause his board to slide down the 
wave. If the boy adjusts his position on the wave in such a way that 
his forward motion happens to equal the forward velocity of the 
wave, then he will not, in fact, be sliding down and will be captured 
by the wave and be accelerated toward the shore. If the wave speeds 
up—as it gets into shallow water—so will the boy speed up, if only 
he is clever enough to remain on the proper part of this wave. This 
process of acceleration we call a linear boy acceleration, and is closely 
analogous to the kind of device we are trying to propose for our 
electron machine. 

What we are after is this. We are trying to accelerate the par- 
ticle—the boy—to very great velocity, without having to have im- 
mense waves. So we have an alternative before us. As in the case 
of a battery, we can get very large acceleration by using very large 
accelerating potentials, or as in the case of a boy, we can exploit the 
wave. 

Let us imagine that we have a pipe—a copper pipe—perhaps 4 
inches in diameter, into which we feed power from a very powerful 
radio transmitter, as indicated in figure 6 (p. 116). As you know, no 
doubt, there are regions in the wave which are positive and others 
which are negative. Suppose we then imagine that an electron is 
located just behind the positive wave crest. This wave crest will at- 
tract the electrons just like in a battery, and cause them to move for- 
ward with the waves. So the picture consists of a wave and the elec- 
tron speeding up together, just like the boy does on the surfboard. 

If I may use another crude analogy: think of a boy riding a donkey, 
holding a carrot in front of the donkey’s nose by means of a stick. 
The donkey looks at the carrot and runs after it, but the carrot is 
always ahead of the donkey. 

The velocity which the electrons acquire have to do with two differ- 
ent things: One, with the power of the radio waves; second, the 
length of the accelerated waveguide. You all know one cannot prop- 
agate radio waves indefinitely, and the pipes which we visualize—for 
practical reasons—turn out to be about 10 feet. 

Also, there is obviously a limit as to how much radio frequency 
power one can generate. These klystrons, which generate up to 30 
megawatts of power, produce about as much power as we can gen- 
erate conveniently. For example, an energy of about 45 million 
volts can be generated, if one uses a pipe 10 feet long, and a power of 
24 megawatts from the highest klystron we can make. 

But as you know, our interest in high energy physics extends be- 
yond 45 million volts. Therefore, this machine in its present form 
would not be of practical interest. But we consider this machine to 
be a “building block.” If this machine, 10 feet long, provides 45 

million volts, there is no reason why we should not take these electrons 
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at 45 million volts, inject them into another machine, and add another 
45 million volts energy; and thus the process can be continued, using 
this concept of a building block indefinitely—around the world, if you 
care to. The only problem would be money. 

The real pipe appears like this in figure 7 (p. 119) ; I will show you 
a model in a few moments. I show this because I want to indicate 
that the pipes are not just uniform round pipes. Uniform pipes will 
not. work, ath the velocity of the waves through these pipes is 
not correct. The boy on the wave has to adjust his position on the 
wave such that he is always in the proper position, going neither too 
fast. nor too slow. 

Representative Price. You said the only problem is money. I was 
thinking some place you would have to make a turn or it would not 
be linear. 


Dr. Grnzron. I will come back to this, sir, if I may. There is 
an answer to that. 

The important thing here in our accelerator is to be sure that we 
can duplicate the behavior of a boy accelerator. Since electrons 
are not animate, and cannot adjust themselves to the wave, we have 
to think the whole process through, from the beginning to the end. 
We have to adjust the velocity of the waves so that, as electrons 
speed up, the wave speeds up in proportion. This we do by adjust- 
ing the specific dimensions of our pipes which are made to look 
something like this [indicating], and by carefully adjusting of the 
dimensions, inch after inch, we can get the waves to stay in step 
with the electrons. 

This, gentlemen, is a photograph of our Mark III accelerator which 
was referred to a number of times today (fig. 9, p. 129). It is a 
machine which is 220 feet long. It is powered by 22 klystrons of the 
kind which we build at Stanford. Electrons are injected at one end 
of this pipe and progress through it for a distance of 220 feet, at the 
end of which they escape from this machine and become useful for 
research purposes. 

As you can see, there is not very much to this machine. There is 
the pipe, there are the klystrons; there are also various kinds of other 
components needed to either cool the pipe or to provide electrical 
power to the klystrons. But the principal basic components are just 
the pipe itself and the klystron. 

The Mark III machine which I have just shown is the cornerstone 
of our proposal, gentlemen. In the first place, it is an example of this 
“building block” principle, in which the \nsis design is repeated over 
and over and over again. 


The history of the machine that you have seen I might run over 
just briefly. 

It was proposed in 1948. The actual construction was begun in 
1949 under ONR auspices. The high-power klystron was developed 
at that time and demonstrated as a successful product in 1949. The 
machine was completely completed in 1952. Partial research was 
begun in 1951, and the machine has been in use ever since. 

In 1951 the energy was about 160 Mev. making it possible for Pro- 
fessor Hofstadter to begin his brilliant research on the size of the 


nucleus. The current energy of Mark IIT machine is 730 Mev., and 
is being expanded to 1 billion volts. 
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I should like to mention specifically another machine—one which 
is much like the Mark III, but much shorter; it is the Mark IV, which 
was begun in 1954 and completed in 1955. Mark IV was built for two 
specific purposes. One was to provide us with a background of infor- 
mation for machine improvements—which might be useful in any 
future multi-Bev. machine that was clearly foreseen. This machine 
is 20 feet long, powered by two klystrons. It is a simple machine 
to operate. It is not very expensive. The results from this made it 
possible to improve many of the components which are needed for 
any big machine, and in fact made it possible for us to improve the 
reliability of the present Mark ITI machine. 

The Mark IV accelerator is the test vehicle for new ideas and con- 
cepts. It is the Mark IV which developed the specific information 
which is needed for design of the proposed 2-mile machine. — 

I would now like to begin to talk about the present proposal gentle- 
men. 

The present proposal, in our minds, dates back to 1952. We finished 
the Mark III machine at that time. It was perfectly obvious to us 
that there was no reason why a bigger machine should not be practi- 
cal. We began discussion among ourselves for that purpose. We 
were able to obtain a grant from AEC to build the Mark IV acceler- 
ator and to finance some other research work of that kind. 

In 1954 we were able to write the first report which stated clearly— 
to us and to others—that the machine for 50 Bev. energy would be 
practical. There would be no technical reason why it would not 
work. 

So our proposal developed over a period of time, first of all on the 
basis of feasibility studies, then on the basis of component improve- 
ment. We then developed the cost estimates. In the way you have 
heard described before, we developed a proposal which was submitted 
to the Government in April of 1957, which is being discussed today. 
I would just like to very briefly run over the main elements of this 
proposal. 

The machine we are proposing is listed in the first column, table I 
(p. 131). It isa machine to be 10,000 feet in length. It is to be pow- 
ered by 240 klystrons, each delivering approximately 6 megawatts of 
power at the very minimum, but capable of 24 megawatts. The 
machine, if operated with klystrons with maximum possible power, 
could deliver 22.5 Bev. We think that the klystrons that we can 
build today can operate very conservatively and effectively at 6 mega- 
watts. So the actual energy which we are recommending today is 
10 Bev. and not 225 Bev., which this machine could reach, if pressed. 

The pulse rate is 360 pulses per second, a number which is probably 
of no direct interest to you. What is important is that this machine 
will deliver, in the form of an accelerated beam, approximately 0.6 
of a megawatt in electrical power. This is a fantastic amount of 
beam power. 

In the second column of table I we list the characteristics of this 
machine if it were extended to full energy by increasing the power 
capability by furnishing 960 klystrons—at which point the power in 
the beam would be 2.4 megawatts at an energy of 45 Bev. This is 
an extremely large amount of power in the electron beam. 
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The next. chart demonstrates to vou, I hope, how it will be possible 
for us to increase the energy capability of this machine from the 10 
to 15 Bev. range to the final 45 Bev. What this shows is that pipe, 
10,000-foot pipe, is fed with radio-frequency power every 10 feet. 
Power from a klystron is split four ways and taken to join feed points 
spaced 10 feet apart. When it is necessary or desirable to increase 
the energy of this machine, all one needs to do is to buy more klystrons 
and to plug them in, as shown in the lower part of figure 14 (p. 150). 
Nothing further needs to be done except to procure more radio- 
frequency sources. 

This expansibility we regard to be a very important part of this 
proposal. The fact that (if and when a higher energy machine is 
i it will not be necessary to plan again 10 years ahead and to 
ask again for a very large sum of money is a most important feature 
of this proposal. For a very nominal investment compared to the 
original one, it will be possible to extend this machine to 45 or more 
Bev. 

Just one more point, in passing, that I should like to make. You 
might ask: How is it possible to get particles through a pipe which 
is only actually three-quarters of an inch in diameter for a distance 
of 10,000 feet’ If you try to imagine getting any kind of particle 
from any kind of gun to hit a spot three-quarters of an inch in diam- 
eter 2 miles away, it would obviously be extremely difficult, if not 
impossible. The difficulty, however, is not real because of a very 
interesting characteristic of relativistic electrons. We have been talk- 
ing about these accelerators as if they are “accelerators.” In fact, 
what. happens is that the velocity of the electrons reaches practically 
the velocity of light within a distance of about 1 foot, and after that 
only the mass of these electrons increases. In this particular machine 
the 10,000 feet. of pipe does not seem like 10,000 feet to the electrons 
because of the theory of relativity. To the electrons, moving at the 
velocity of light, the whole pipe appears foreshortened, so that a mile 
of the machine becomes about a foot. 

Mr. Chairman, this is a section of the linear accelerator that we 
propose to build and I would like to have you look at it, if you will 
(sample shown 8 inches long, not unlike the illustration shown in 
fig. 13 (p. 149) in cross section). 

The basic elements of our proposal, gentlemen, are two specific 
things: First, the klystron, which is essential to generate the radio 
frequency power; the second is the accelerator “waveguide.” I did 
not talk much about the waveguide, simply because it is too difficult 
to discuss it in detail. However, one of the most important things 
about it is the precision with which this pipe must be made. Even 
though the machine is 10,000 feet in length, all dimensions inside the 
pipe have to be held to approximately one-tenth of a thousandth of 
aninch. This is fantastic tolerance. 

Representative Price. Doctor, are the components you have devel- 
oped a the Mark III a IV substantially the same as those 
you will use in your proposal ? 

Dr. Ginzton. Yes. ai 

With the aid of the AEC grants in the last few years, many improve- 
ments have been made which make them cheaper and more reliable. 
This development effort is not yet finished. 
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I would like to indicate one specific proposal which is now being 
tested. This has to do with the method of fabrication of linear elec- 
tron accelerator, a very important step in our process. What I am 
about to describe is the process which we are trying to use to fabricate 
the waveguide section that you have in your hand, with the precision 
of a tenth of a thousandth of an inch. The way this is done is, first, 
to fabricate a series of copper disks—which are obviously very 
simple—and aluminum spacings. Then what we do is stack up the 
aluminum pieces on top of copper pieces until we have a structure 
as long as one wishes, such as 10 feet. This is then held together by 
a bolt. The whole structure is plated with copper until the coating 
becomes about three-eighths inch. Then we take out the bolt and 
etch the aluminum. We then have left this structure here—that is 
the end of the process. 

This process was invented at Stanford University and tested with 
the aid of AEC and other grants. It represents the kind of develop- 
ment activity which we feel is very important to completely test to 
insure that the 2-mile machine is made as economically as is feasible. 

I mentioned the klystron and the accelerator waveguide simply 
because they represent the most important elements of our proposal 
and represent examples of the kind of things we shall have to develop 
further in our program. 

Since the next chart (fig. 12, p. 143) shows what you have seen before, 
I will just mention it very briefly. It lists all of the accelerators 
above 10 Bev. in the United States or anywhere else in the world. 
As you can see, above 10 Bey. there are four proton accelerators which 
are being proposed, and none except ours for the electrons. Ours is 
the only electron machine in the world that is being proposed for 10 
Bev. or above. 

This machine is also unique because of the power. The sixth 
column lists the average beam power to be furnished by the various 
machines. In the case of the four proton machines, the beam power 
is about 50 watts or thereabouts, roughly the power consumed by an 
ordinary light bulb. We propose to build a machine which will gen- 
erate about a million watts. This is the imnortant characteristic of 
this machine that was referred to by Dr. Williams and Dr. Haworth 
in their earlier testimony. 

Figure 2 shows the various cost estimates presented to you as given 
in the data sheets. This information was derived from an original 
Stanford proposal, modified in the Brobeck report, and finalized in the 
AEC review. You have seen this information before in another form. 

The first column is the $105 million budget estimate: $8 million 
is for engineering and design of the machine after development 
activities have been completed : $41 million represents the cost of the 
tunnels, buildings, and so forth. The accelerator pipe itself, and 
things that relate to it, represents $24 million. Various kinds of 
equipment needed in the project is $10 million; other costs are self- 
explanatory. 

Mr. Ramey. Are the tubes included in your accelerator cost ? 

Dr. Ginzton. This item of $24 million ? 

Mr. Ramey. Yes. 

Dr. Ginzron. Yes, sir. 
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The second and third columns show the breakdown by years, and 
I don’t think I need to explain them. 

Construction request for the first year is $3.7 million; the construc- 
tion request for future years is vastly different, depending on the 
nature of the activity, being the largest in the middle of the period. 

Representative Price. Why do you estimate that the operation 
requirement will drop between fiscal year 1963 and 1964? 

Dr. Gixzron. These are procurements of various major items. 
This is not operational. This is construction which has to do with 
obligation for tunnels, for example. 

Mr. Ramey. You will be incurring operating costs during that 
period along with your construction at some stage / 

Dr. Ginzron. In the fourth or fifth year of the program some re- 
search cost will have to be incurred. 

Mr. Ramey. While you are building up staff / 

Mr. Ginztron. Yes. 

Mr. Ramey. When you are building up staff at present will it all be 
charged to your construction program ¢ 

Dr. Gixzton. No; the costs portrayed by these charts and budgeted 
at $105 million are construction costs only. It is perfectly true that 
as construction activities drop off some of the same individuals will 
become useful for research. But requests for financing that kind of 
operation will have to be made later in the fourth or fifth year. We 
visualize that by the time the machine is completed and by the time 
the seventh year begins, the machine will not only be built, but a staff 
of people will be available to employ the machine usefully. That 
group cannot be created by magic. It will have to be created in 4 or 
5 years, with the hope that many of the people will come from the 
construction crews, except for the scientists. 

Representative Price. Does this mean that $105 million will be 
spent up through the fiscal year 1965 ? 

Dr. Ginzron. I cannot keep track of your fiscal years. 

Representative Price. It is the last fiscal year you mention on your 
chart. It is$12 million for fiscal year 1965. 

Dr. Ginzron. The answer, I think, is“ Yes.” 

Representative Price. Mr. Floberg, what about the Commission 
requesting a supplemental appropriation for fiscal 1960 for this 
project ? 

Mr. Fiopere. It is the figure that is at the bottom of the obliga- 
tion column there, which I believe is $3.7 million. 

Representative Price. What year is that? 

Mr. Fiosere. That is 1960. 

Representative Price. Is that the amount you are going to ask for? 

Mr. Fioserc. Yes. 

Representative Price. That question will be asked of us, Why do 
we authorize the full amount of $105 million when we intend to request 
only $3.7 million in appropriations ? 


Mr. Froserc. I tried to answer that question this morning, Mr. 
Price, in the course of our discussion. 
Representative Price. You were not speaking in terms of the great 


difference of what you are actually going to have in money and ‘what 
you are authorized. 
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Mr. Frosere. It is perfectly true it will take 6 years to develop this 
machine as a living being. It won’t take that long to develop it as 
a project for construction. The answer I gave to your question this 
morning was intended to answer this last point you raised. 

Representative Price. The point is that you are going to start some 
actual construction in fiscal 1960. 

Mr. Fiopera. Yes, sir. 

Dr. Grnzron. Perhaps some of these questions can be made more 
clear by looking at figure 17 which shows the scheduling of various 
kinds of activities with time. Point marked “zero” represents the 
beginning of authorization, whenever this occurs This is the first, 
second, third year, and on up to the 6 years. The first column lists 
the various activities which have to do with construction of this whole 
project. The blue color is used for design of various kinds of things, 
for example, the general shops. The red is used to describe the con- 
struction activities, and yellow, the tests. As you can perhaps ap- 
preciate, this project is extremely complex in nature. There are 
many, many components involved. We need to make a broad attack 
on the problem from various points—klystron development, power de- 
velopment, accelerators, buildings, shops, research equipment, mag- 
nets, everything else. There are dozens and dozens of things that need 
to be started. This chart shows, for example, that it will take us 6 
months, we think, to take this klystron which is before you—which 
was designed in 1949 and is still in use today—and to develop it into 
the kind of model that will be economical to produce when made in 
quantities of several hundreds. It needs to be completely redesigned 
mechanically, because there are problems which pertain to economy 


and reliability. So we propose to spend 6 months on this. But within’ 


6 months, we think, this process will be over, and we need to make 
samples which need to be tested in preparation for manufacture. 

The chart contains many items which obviously you cannot think 
about in detail now. It does show you, I hope, that it is a very com- 
epee, with many things keying in together. It is virtually im- 
possible for us to segregate one specific thing and say we will work on 
its design. It makes no sense, because so many things have to be 
started together, if the project is to be completed in 6 years. 

Representative Price. The appropriation of $3.7 million is that 
based on the maximum effort you can make on this project in the 
next fiscal year ? 

Dr. Ginzton. Yes, sir. This is to be supplemented by an additional 
amount of $1.8 million requested for so-called research and develop- 
ment activities, which do not appear as a part of the $105 million. 

Representative Price. There is nothing else you can do in the next 
fiscal year, even if you had the money, to expedite the date when the 
project would be completed ? 

Dr. Grnzton. That is correct. 

Representative Price. Nothing; no facilities that you could build? 

Dr. Ginzton. The facilities we need to build are included in this 


For example, general laboratories. The staff which we have now is | 


approximately 25 senior people, or 45 altogether. We need to build up 
this staff to approximately 150 people during the first year. We 
cannot house these 150 people. We have scheduled things in such a 
way that at the end of the first year buildings would become available 
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to house the first group. This is an example. There are man 
other examples. Klystrons need to have test facilities. These facil1- 
ties need to be procured. That involves construction money. 

Representative Price. The $1.8 million is already available? 

Dr. WittraMs. That $1.8 million is a part of the $18 million of re- 
search and development. This was contained in the budget which 
you authorized and which we already presented to the House Ap- 
propriations Committee as a specific part of our operational budget. 

Representative Price. If this project is authorized, when will the 
Commission request appropriation for the $3.7 million ? 

Dr. WititaMs. As soon as it is practical to do so. 

Mr. Fiopera. As soon as we can move on it. 

Representative Van Zanpt. Suppose at this session of Congress 
we authorize and appropriate, when will this 6-year period begin ? 

Dr. Wituiams. The 6-year period will begin just as soon as we can 
firm up the arrangements with Stanford and they get at least the 
intent of contract so that they can get started. We intend to go at 
this with all the vigor that is possible, provided the authorization is 
granted and the appropriations are made. 

Mr. McCarrny. I would like to add to that, if I might, Mr. Chair- 
man, that the $3.7 million for the construction would be sent to the 
Congress as a supplemental fund request. It is my understanding 
that the House has now sent through its last appropriation bill, and 
that all requests for supplementals are now going to the Senate. Our 
bill, as you know, will probably be reported out of the House this 
Friday. We would hope, if the committee authorizes this project, to 
have the supplemental request forwarded to the Senate so it could be 
included in our regular appropriation bill as it is considered by the 
Senate probably next week. 

Representative Van Zanpt. Should Congress ap ropriate the $1.8 
million and not the $3.7 million, what effect would it have on the 
overall program ? 

Dr. Witu1aMs. What we are asking this committee for is the au- 
thorization for the project as a whole at this time. 

Dr. Grinzton. If the project is not authorized, I believe it would 
have very serious impact upon the whole program. I think the whole 
question before us and before the whole world is whether this country 
intends to or does not intend to build such an accelerator. If it is 
partially authorized, there will be an open question before everybody. 
It means we will not be able to obtain the services of prominent peo- 
ple, who will have serious misgivings about permanent employment. 
As a result, the project will not be designed with the eit staff 
we need. It will take longer to build and will cost more. I think it 
is much better, from my point of view, to have the project either au- 
thorized or not authorized, but not left hanging. 

Representative Price. That leads me to ask a question. Where are 
these people coming from ? 

Dr. Grnzton. We are beating them off, essentially. This is the 
most fascinating activity of this kind ever proposed. We have ap- 
plicants from all over over the world, excluding Russia. 


Representative Bares. Why do you start building the laboratories 
early? 
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Dr. Ginzton. Because we need, for design purposes, a staff of about 
150 people altogether, in all categories. We can only house 25 or 30 
presently. In the first year we will completely run out of available 
space for men and equipment. We need facilities very, very badly. 

Representative Bares. Is it that aspect of construction work that 
they will be working on? 

Dr. Grnzron. The work progresses in several stages. First of all, 
there isimprovement in components. That is the first category across 
the whole front. Second, the general design. Instrumentation for 
the machine, control, reporting of data, all this has to be designed. 
The construction activities for which construction funds are needed 
are to provide space for men to work in and test facilities to test 
components as they are developed. 

Representative Bares. This will be at the same site? 

Dr. Grnzton. Yes. 

Representative Bares. Then you will continue to use the same 
laboratories later on? 

Dr. Grnzron. Yes. Figure 1 (p. 108) shows the aerial view of our 
site. This is Stanford University here. This is the site which is 
reserved for the project. This distance is 2 miles, and in this area 
we propose to develop laboratories which will be first needed for de- 
velopment activities and later on for administration and research 
activities connected with the beam end of the machine. 

Representatives Bares. So the R. & D. work on this whole project 
will be done at the site? 

Dr. Ginzton. That is right. 

Representative Bares. That is why I did not understand. I won- 
dered why you wanted it 3 years earlier. It will be the same people 
who will continue. 

Dr. Gruzron. Yes, sir. 

Representative Bates. They are of that nature. 

Dr. Grnzron. Yes, sir. 

Representative Van Zanpt. Doctor, I notice in your statement you 

say that this project is the largest single expenditure of funds for a 
single-purpose research activity. Is that why you used the word 
“fascinating” ¢ 

Dr. Ginzron. Yes. That is not the only reason. I think it is 
unfortunate that the project costs so much money. Those of us in- 
volved in research do not cherish the idea of spending so much money. 
We would rather do much more interesting a than that. None- 
theless, we accept the challenge of openAing so much money because 
the consequences of this are so important and so fascinating. 

Representative Van Zanpr. In your summary you say that much 
of the fundamental information about the nuclear world is yet im- 
perfectly understood, making it impossible to establish a specific re- 
search program for a multi-Bev. machine far in advance. In other 

words, are you saying we have not yet scratched the surface in this 

field ¢ 

Dr. Ginzton. We have scratched it. I am afraid there is a lot to 
scratch yet. 

Representative Van Zanpt. In other words, you are not under the 
surface yet. 
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Mr. Froperc. I am not sure that the previous question that Mr. 
Van Zandt asked 3 or 4 minutes ago was properly interpreted, and it 
may have been misanswered. Did I understand your question to be, 
Suppose the Congress appropriated the $1.8 million this year, but 
did not appropriate the $3.7 million ? 

Representative Van Zanpr. That is right. 

Mr. Fioperc. The answer to that question is that there would 
simply be no construction started this year and that much time 
would be lost. I thought that is what you meant. 

Representative Van Zanpr. In other words, we would lose a year. 

Mr. FLoperc. We would lose whatever the time was. 


Mr. Ramey. You could use your operating money for the so-called 
title I work. 


Mr. Fioperc. Yes. 

Mr. Ramey. Or even title II work like you are going to do for the 
superheat reactor. 

Mr. Fiopera. There might be some slack taken from that money, 
but there would be no buildings or construction or anything of that 
sort, and there could be no actual construction done from that money. 

Representative Price. What is the first type of actual construction 
you intend to do? 

Dr. Ginzton. There are two things we intend to build almost im- 
mediately. One, are the laboratory buildings, shops on site, which 
will go eventually into the complete operating plant of this project. 
This is essential for the project to tm e any “headw ay. The second 
thing is that we have components that have to be developed as we 
have mentioned before. These components need to be tested. We 
need facilities of various kinds. Space, but also electrical equipment 
of various kinds to make tests possible. We need to procure that, 
which involves construction funds as well. 

Representative Van Zanpr. Doctor, is it true that we as a Nation 
are bypassing many research problems for the purpose of establish- 
ing our leadership worldwide in this particular field of high energy 
physics? 

Dr. Ginzron. Mr. Chairman, I might like to ask Dr. Williams to 
try to answer that question. 

Dr. Wit1ams. As you know from reviewing our budget every year, 
we do have a broad base program in all energy regions. I personally 
think the answer to your question is “No.” We have a cover: age 
which, although it might be bigger, we feel to be quite adequate, and 
we are in no sense jumping over regions which we believe, from the 
best scientific judgment we have available, are lying dormant. This 
isa growth at the forefront, but not neglecting the broad base. 

Representative Van Zanpr. It is a project ‘which could establish 
for us world leadership. 

Dr. Wittiams. There is no question about that. We would be the 
leaders in this particular area of high energy research. 

Representative Price. You say “this project will establish for us 
world leadership in the high energy field ¢ 

Dr. Wittiams. In the high energy electron accelerator field it will 
establish it. 


Representative Price. Does that mean you feel we do not have it 
now ? 
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Dr. Witu1ams. We are comparable in energy with our electron 
accelerators to those in France. In the circular machine, the one 
at Hamburg and one at Harvard are the same. So this is a move 
out ahead. 

Representative Pricer. What you are actually saying is that a 
lot depends upon the size of the machine you have with regard to 
the position you have in this field ? 

Dr. Witu1aMs. That is one way of looking at it, yes. I believe we 
are justifying this machine on the kind of physics we want to do. 
We want an energy so we can explore what we see is available for 
exploration. I don’t think we want to belabor the point or I don’t 
want to try to present this to you as a way of beating the world. 

Representative Price. I am trying to establish the necessity of a 
machine of this type. \ 

Dr. Witu1aMs. It was described by Dr. Haworth to explore these 
mysteries that we see clearly before us. That is the basic reason the 
policy was developed, and we in the Commission support it whole- 
heartedly. 

Mr. Foserc. It is not like the horse race in power. 

Representative Price. It is the intensity and kind of machine. 

Dr. WitutaMs. Yes. These attributes are the ones we want for 
doing the research we want. 

Representative Price. It is not a kilowatt race. 

Dr. Witt1aMs. No. 

Representative Van Zanpt. Where do you go 6 years from now? 

Dr. Witt1aMs. In the electron field we want to look at this par- 
ticular accelerator and the state of the art, and if the scientific justi- 
fication exists come back to you gentlemen, more than 6 years from 
now, because this won’t be finished—about 9 years from now—and 
say physics looks like this. From this modest sum percentagewise, 
we can look at these new problems. 

Representative Bares. And expand this one. 

Dr. Witu1aMs. By expanding this one. 

Representative Price. I think the point I was trying to get is 
regardless of the great minds we have, and the genius in the theo- 
retical people we have, in order to attain leadership in this field, you 
cannot just depend on the human being. There are certain mac shines 
which are necessary. 

Dr. Wit1aMs. There are no tools that come without our building 

Representative Price. You have to have special tools? 

Dr. Witu1aMs. Yes, sir. Without them we are stopped. 

Representative Price. Doctor, do you want to continue? 

Dr. Gryzron. Mr. Chairman, T have only a few more words to say. 
I would like to leave you with the impression which to me is very 
important, that this machine is being proposed to you not as a novel 
kind of machine which needs to be experimented on, but in fact it is 
an extrapolation of known techniques, and we are absolutely certain 
that the machine will work. 

Secondly, I would like to say that has been said several times today 
already, that if this machine is built, it will be a national asset, and a 
unique one in the United States and throughout the world. 

Thirdly, the last point, which is important to me personally, is to 
leave with you the impression that we are ready to begin construction. 
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We have been waiting for a long time for authorization, and for which 
we have not been waiting impatiently; we are ready now. 

Thank you, sir. 

Representative Price. Thank you very much, Doctor. 

Are there any questions of Dr. Ginzton ? 

Senator Bennett. I had the privilege of spending half a day with 
the Doctor and other members of his staff at Stanford, and I am im- 
pressed most of all with what he said at the very end of his statement, 
namely, that all of the basic research and the basic testing and the 
basic construction techniques have been worked out, and this is a 
problem of extrapolating a known success and multiplying its 
capacity, and that ability to multiply its capacity does not depend 
on problems yet to be solved. Those problems have basically been 
solved. The equipment can be improved. Its capacity can be in- 
creased. But it is not intended that it will be changed in any sub- 
stantial concept. I think that givés us a tremendous advantage in 
starting on this national project. 

Dr. Grnzron. Mr. Chairman, if I may add a remark to this, I 
am very happy to have Senator Bennett make his observation. This 
is the exact feeling we have. I would just like to say we are very 
happy to be in the particular situation that we are able to extend our 
machine energy without having to resort to research or development of 
new concepts. We would not like to leave the impression, however, 
that this is not the only approach to experimentation in the future. 
Other people have other proposals to make which do involve research 
and development ; and we are not saying that ours is better than theirs. 
We are just stating our position clearly in our case. We can build a 
machine which we think can be extremely useful by direct extension 
of known techniques. It is not an argument against anybody else who 
may wish to develop novel concepts which might be superior to ours. 

Representative Price. Doctor, you referred all the way through to 
the national asset. What comment would you make about participa- 
tion of scientists from other universities and national laboratories? 
What plans are actually being set up? 

Dr. Grnzton. There are two kinds of answers. First of all the op- 
eration at Stanford, as well as other places in the United States where 
these machines are operated, we have foreign visitors. We have ex- 
change visitors all the time. We don’t reserve our facilities to just 
our own staff. At Stanford University, the principal leadership ex- 
ercised in the physics department in this field is bas to two people, 
Professors Panofsky and Hofstadter. The new machine will provide 
opportunity for more. Stanford University does not intend to extend 
its physics department; the bulk of the facilities will be available to 
qualified scientists regardless of where they come from. 

Representative Price. For the years that the project has been under- 
way, have you had participation of scientists who are not directly 
connected with Stanford ? 

Dr. Grnzton. Yes, sir, we have from many, many places. 

Mr. Froserc. Mr. Chairman, with regard to the $3.7 million, I 
would like to call to your attention that only $175,000 of that is engi- 
neering and design money that could properly be classified as title 1. 
If you would like me to submit a breakdown of the $3.7 million at 
this point in the record, I will do it for you. 
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Representative Price. I am glad to have it. 
The information follows: 


I II NN ig cashes se ninendians pce miele ates asec Gale eo $175, 000 
piperovements: GUAR... once a bi 6 bk ALS 435, 000 
Buildings: Klystron laboratory administration__..........._______ 1, 112, 000 
I oa ins cls csas Scns Nace pac ang i dean be pion eactiglebedeigs Dic Elbat 540, 000 
ESET BONE NORM gs ons cmt Gake a nnnaienen ape mesiamasenee 500, 000 
SN thi secre vac p asgoecelbed dr ciate anni sea Grete ened Oleg elation edo 560, 000 
CP ashi cates haiti el caindosnicg Gina to win etal Ani al 378, 000 

COSI tinct Rc ce gl alec a as a a ie ark al 3, 700, 000 


Representative Price. The committee will recess until tomorrow 
morning at 10 o’clock, and we will meet in the same room. The first 
witness tomorrow morning will be Mr. William Brobeck, who was 
originally scheduled as our last witness today. The committee will 
stand in recess. 

(Whereupon at 4:25 p.m., Tuesday, July 14, 1959, a recess was 
taken until Wednesday, July 15, 1959, at 10 a.m.) 
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WEDNESDAY, JULY 15, 1959 


Concress OF THE UNtrep SraTEs, 
SUBCOMMITTEE ON RESEARCH AND DEVELOPMENT AND 
SUBCOMMITTEE ON LEGISLATION, 
Jornt CoMMITTEE oN Atomic ENeErey, 
Washington, D.C. 

The subcommittees met at 10 a.m., pursuant to recess, in room P-63, 
the Capitol, Hon. Melvin Price presiding. 

Present: Representatives Price, Durham, Hosmer, and Bates; Sen- 
ators Hickenlooper and Aiken. 

Also present: James T. Ramey, executive director; Edward J. 
Bauser, technical adviser, and George E. Brown, Jr., professional 
staff member, Joint Committee on Atomic Energy. 

Representative Price. The committee will be in order. 

This is the second day of public hearings on the proposed 2-mile 
Stanford linear accelerator. The first witness this morning will be 
Mr. William Brobeck, of the engineering firm of Brobeck & Associ- 
ates. However, before Mr. Brobeck starts his testimony, I would like 
to advise the committee that we have heard from the office of Senator 
Bible, stating that he has communications suggesting the use of a 
tunnel near Virginia City, Nev., as a possible site for this accelerator. 
He states that it is about a 5-hour drive from Stanford, and the length 
of the tunnel in a straight line is 4 miles. I would suggest that the 
Commission at least look into the suggestion of Senator Bible’s office 
in this regard. 

Mr. Fiosperc. We will check on that, Mr. Price. 

(See app. 12, p. 646, for report.) 

Representative Price. The committee would also like to have fur- 
ther information, possibly to be supplied by Dr. Ginzton, for the rec- 
ord of the hearing, with regard to the geological survey of the pro- 
posed sjte at Stanford. Is Dr. Ginzton here this morning? 

Dr. Grinzron. Yes, sir. 

Representative Price. Would you furnish additional information 
for us on the geological survey on the Stanford site? 

Dr. Gryzton. I shall be glad to do so. 

(See p. 576 of app. 6 fé information.) 

Representative Price. Some of the members felt that we did not get 
sufficient information on that yesterday. (See also app. 13, p. 647.) 

Mr. Brobeck, will you come around, please ? 

Representative Hosmer. Mr. Chairman, while Mr. Brobeck is com- 
ing to the stand, will the record be open for statements by other mem- 
bers of the House or Senate to submit to the committee ? 

Representative Price. Yes. 


195 





196 STANFORD LINEAR ELECTRON ACCELERATOR 


Representative Hosmer. Thank you. 
Representative Price. Mr. Brobeck, do you have a prepared state- 
ment ¢ 


STATEMENT OF WILLIAM M. BROBECK, ENGINEERING FIRM OF 
BROBECK ASSOCIATES 


Mr. Bropeck. I have, sir. 

Representative Price. Before you start, Mr. Brobeck, I would like 
also, with unanimous consent, that all charts that appeared i in connec: 
tion with yesterday’s testimony be included in the record. 

Mr. Brosecx. Mr. Chairman, members of the committee, our firm 
was retained by the Atomic Energy Commission to review the engi- 
neering feasibility and estimated cost of the Stanford 2-mile linear 
accelerator as described in the proposal dated April 1957. (See app. 
1, pp. 283 and 427.) The competence of our firm in this field is based 
on experience in engineering design and construction of accelerators at 
the Lawrence Radiation Laboratory of the University of California. 
In the preparation of our report, we retained Kaiser engineers of Oak- 
land, Calif., as consultants on the tunnels, buildings, and utilities. 

From an engineering standpoint, the Stanford 2-mile linear accel- 
erator is unusual for an accelerator project in the extent to which the 
technical knowledge required for its design already exists. The uni- 
versity is now operating a 200-foot linear accelerator which as far as 
the basic accelerating process is concerned is in almost every respect 
an exact prototype of the 10,000-foot machine. The increase in length, 
although by a factor of 50, introduces only minor technical problems. 
One reason for this is that even in the 200-foot machine the electrons 
are traveling so close to the velocity of light that their velocity can 
be considered constant for the remaining 9,800 feet. Another reason 
is that the elements of the machine behave in a regular linear fashion 
which permits accurate prediction of their performance. Finally, as 
the electrons pass through the accelerating tube only once, the prob- 
lem of resonances, so important in circular accelerators in w hich the 
particles pass the same point many times, does not exist. One result 
of this fact is that the alinement of the machine is not nearly 
critical as that of a circular accelerator in the same energy range. 

The principal problems that do arise in extending the machine by 
a factor of 50 lie in two areas: One is that of transmitting signals for 
control and observation of the performance of the machine over the 
unusually long distance. Techniques exist for this purpose ; the prob- 
lem consists of selecting those most suitable and verifying them as 
part of the development program. The other area is that of achieving 
the desired degree of reliability in a large and complicated single 
machine. This problem will be somewhat cpio by the fact that it 
will be possible to operate the machine wi 
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service through the provision of alternate equipment and of discon- | 
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disturbing the pulses of accelerated electrons which are passing 
through. 

The general reliability of the components must of course be high 
to meet the operating factor expected. The component reliability 
problem is similar to but not so severe as that of many military elec- 
tronic systems. A particular item whose reliability can have a great 
effect on the system as a whole is the klystron cubes used to supply 
the accelerating voltage. Frequent replacement of these tubes is 
planned and the resulting costs are estimated based on the perform- 
ance of the tubes on the 200 foot machine. A major part of the de- 
velopment program will be devoted to determining and improving 
the life of these tubes under the operating conditions of the big ma- 
chine. It should, however, be noted that attaining the high reliability 
desired and expected is not necessary to the success of the machine 
as a scientific instrument which is unique in its field. 

Housing the accelerator in a pair of parallel tunnels provides an 
excellent solution to the problem of radiation shielding along the 
length of the machine. It also permits locating the machine close to 
the university campus where advantage can be taken of existing fa- 
cilities. Utility connections to the site are straightforward and in- 
volve no unusual expense. 

From the geology observed by surface indications and test borings 
in the vicinity, no unusual problems are to be expected in the tunnel 
construction. Borings at the actual tunnel location had not been 
made at the time of our report. 

Since the preparation of our report, changes have been made in the 
specifications of the accelerator. ‘These changes have been made for 
the purpose of placing greater emphasis on higher electron currents 
at lower energies. At present an average current of 30 microam- 
peres at 10 Bev. initial energy is planned, compared to the 15 micro- 
amperes at 15 Bev. initial energy planned at the time of the report. 
These changes introduce no new problems and are considered to have 
no influence on the engineering feasibility of the project. 

The costs estimated in our report of June 1958 represent our best 
estimate of the actual costs to be expected under the conditions and 
specifications existing at that time. The estimates for research and 
development in our report assume that the machine would be designed 
substantially as planned and that new development objectives or ef- 
forts to achieve performance differing from that specified would be 
outside the scope of the project. Our estimate for construction and 
associated research and development for the project as proposed by 
Stanford was $116 million. The present estimate for construction 
plus research and development of $123 million reflects the effect of 
the changes in specifications and requirements since the original pro- 
posal. We have not reviewed these later estimates in any detail, but 
see no reason to disagree with this result. 

Representative Price. Thank you, Mr. Brobeck. Would you ex- 
plain the difference in your estimate and that of Stanford, and that 
of the Commission with regard to the cost of the accelerator? 

Mr. Broseck. I refer you to a table presented by the Atomic En- 
ergy Commission yesterday, entitled, “Cost Comparisons Between 
Stanford, Brobeck, and AEC Estimates.” (See p. 40.) 
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Representative Price. Do you agree with the explanation as to the 
difference of the cost given yesterday ? 

Mr. Brospeck. Yes, I do. 

Representative Price. Do you have any comment to make or are 
there any other reasons for the differences in the estimates? 

Mr. Broseck. I could go into that in more detail, but I generally 
agree with their estimates. 

Representative Price. Was there any other substantial reason for 
the difference in estimates ? 

Mr. Bropecx. No. 

Representative Price. Except for the technical differences that 
were explained yesterday ? 

Mr. Broseck. I might remark that the research and development 
item has been increased since our study by about $4 million. This 
is a matter which Stanford has decided that further research and de- 
velopment is desirable. 

Representative Price. What are the principal differences between 
your cost estimates and the AEC estimates? That is not entirely re- 
search and development. 

Mr. Broseck. No. In this table that I referred to, comparing our 
estimate with the AEC estimate, the total of the AEC estimate is $123 
million, including research and development, compared to $116 million 
for ours, or an increase of $7 million. Of that increase, $8 million— 
the increase in item A, engineering design and inspection—is partly 
research and development, and partly undoubtedly items in project 
management which we did not include in our report. 

The construction costs under item C are increased by $1 million. 
This is a very small percentage. It is a combination of the effects 
of increasing the power capacity and decreasing the number of klys- 
trons. These effects to a large extent counter each other. The esca- 
lation, item D, has been decreased by $4 million. This is a matter of 
primarily judgment and expectation of future price changes. 

Contingency has been increased by $2 million. This is another 
item that is a matter of judgment. This makes a total increase of $7 
million. 

Representative Price. You stated your view that you did not have 
core drilling on the tunnel. How far off would you be in your cost 
estimates without this information ? 

Mr. Brosecx. I am not an expert on these matters myself. How- 
ever the contingency estimated by Kaiser engineers was intended to 
cover the expectation of what there might be of additional cost. I 
might note that.these core drillings are either in progress or about to 
start and the exact location of the tunnel would be determined by 
the results of these drillings. 

Representative Price. Are there any questions of Mr. Brobeck? 

Representative Hosmer. You are familiar with the site visually, are 
you not ? ; 

Mr. Bropeck. Yes. 

Representative Hosmer. It is not located in an area where there 
is no water or underground decomposition ? 

Mr. Brosecx. No evidence of those difficulties. 

Representative Hosmer. Speaking of the klystron tubes, you re- 
marked that there would be a frequent replacement of tubes. Do you 
know what the life of those tubes is at the present time? 
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Mr. Broseck. At the present time the life of the tubes in use on the 
machine is 1,000 hours. The life estimated in our estimate was 2,000 
hours. This was the expectation of the improvement due to the re- 
search and development effort. 

Representative Hosmer. That is not exactly frequent replacement 
even under hard operating conditions. 

Mr. Bropeck. It depends on what you mean by frequent. It 
amounts to quite a few tubes a week. 

Representative Hosmer. Because of the larger number of tubes. 

Mr. Bropeck. Yes. 

Representative Hosmer. You also noted that a considerable amount 
of component reliability is not required in this device. What did you 
mean by that ? 

Mr. Bropeck. I was referring to the fact that even if the reli- 
ability were low, the machine will produce an output when it does 
work that is not available otherwise. 

Representative Hosmer. The parts and pieces of the machine are not 
so interconnected with each other that a failure of one of them causes 
the failure of the other? 

Mr. Broseck. They are to some extent. The parts that fail to 
operate can often be disconnected from the rest of the machine. 

Representative Hosmer. Take, for instance, on the klystrons, what 
is the situation there / 

Mr. Broseck. The klystron tubes can be removed one by one. 

Representative Hosmer. If you had one out, your electron coasts past 
and is picked up by the next tube? 

Mr. Broseck. The machine will run with a number of klystrons 
out of service. 

Representative Hosmer. That is all. 

Representative Durnam. Mr. Brobeck, are you an engineer? 

Mr. Broseck. I am. 

Representative Durnam. I did not see your background here. 
Where did you graduate from engineering school ? 

Mr. Brozeck. I graduated from Stanford University. 

Representative DurnAm. Can you tell me what we are going to get 
out of this 10 Bev. over and above a 6 bevatron machine ? 

Mr. Broseck. That is the question for the physicists. 

Representative DurHam. That is the reason I asked you your back- 
ground. 

Mr. Broseck. I can tell you my idea of it, but I think you would do 
better if you asked the physicists. 

Representative Dunnam. I don’t think I have any further questions. 
I think it is an important matter what we are going to get out of this 
that we can’t get out of 6 billion. We are now up to $123 million. 
Will this thing go up any higher in cost? Is there going to be another 
estimated cost of several million dollars before we get this thing au- 
thorized and in being ? 

Mr. Brosecx. I don’t think there will be any further increase. 

Representative DurHAM. Would this be a firm contract ? 

Mr. Broseck. I could not speak for the arrangements to be made 
as far as construction is concerned. 

Representative DurHam. You have an engineering firm. Would 
you take a firm contract on it as it stands today ? 
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Mr. Broseckx. We would take a contract for the engineering, but 
not for the construction. 

Representative DurHaAm. Not for the construction ? 

Mr. Broseck. No, sir. 

Representative DurHam. You would take only a firm contract on 
the engineering part of it ? 

Mr. Broseck. That is right. 

Representative DurHam. We have had some experience prior to 
this on one that has been upped and upped and upped. In your 
opinion today, can a firm contract be given ? 

Mr. Broseck. For the construction of this machine after the de- 
tailed engineering? 

Representative DurHam. A competitive firm contract without hav- 
ing to come back to Congress for another $10 or $15 million. 

Mr. Broseck. I think a series of firm contracts could be placed. 
I don’t think any one contractor is in a position to quote on the en- 
tire machine. 

Representative DurHAm. Of course there would be a series because 
one would not do the whole job. 

Mr. Broseck. I believe such firm contracts could be placed for the 
machine. 

Representative DurHAM. You have had enough experience in build- 
ing machines to say that ? 

Mr. Brospeck. Yes. 

Representative DurHam. I recall the first one because I went out 
there to see it when Dr. Lawrence was building it. It was not this 
type. 

Mr. Broseck. As I mentioned, there is an unusual amount of tech- 
nical background for this machine compared to most of the ac- 
celerators. 

Representative DurHAM. That is all, Mr. Chairman. 

Representative Price. You worked on the construction of the beva- 
tron at Berkeley ? 

Mr. Bropeck. Yes, and several of the other accelerators, also. 

Representative Price. Mr. Brobeck, would you explain the great 
difference in the item No. 2 under C in the building, or the $4 mil- 
lion difference there on what is more or less conventional construc- 
tion? Would you explain your lower figure of $6,534,000 as against 
the Commission estimate of $10.5 million ? 

Mr. Bropecx. Our figure was based on very low cost construction 
buildings which were planned by the university. 

Representative Price. The same buildings but a little difference 
in construction ¢ 


+ . ae : ) 
Mr. Brosecx. Not entirely. I understand that additional build- | 


ings have been added. However, I have no details on this. Dr. Ginz- | 
ton’s summary mentions additional buildings which have been added. 
Representative Price. We will check further into that. Is your 
estimate of $115,996,000 based on the total at the time that calls for 
480 tubes for the accelerator ¢ 
Mr. Brosecx. That is right. 
Representative Price. How would the reduction to 240 tubes change | 
your estimate ? 
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Mr. Broseck. It would reduce it, of course. I don’t have the exact 
amount in mind at the moment. 

Representing Price. Could you supply a little additional evidence 
to the committee on what the estimate might be with the reduced num- 
ber of tubes? (See app. 7, p. 634, for estimate of cost reduction.) 

Mr. Bropeck. Yes, I could. However, I want to mention that 
there are other changes which increase the cost. I am not sure which 
items they appeared in. That is the increased power capacity at high 
energy. 

Representative Price. What is the date that your estimate was 
submitted ? 

Mr. Bropeck. June 1958. 

Representative Price. You did not take into consideration the re- 
duction from 480 tubes to 240 tubes ? 

Mr. Broseck. No, we did not. That was not part of the proposal 
at that time. 

Representative Price. How long was your company engaged in 
the study ? 

Mr. Brosecx. About 6 weeks. 

Representative Price. Have you gone into the operating costs and 
made any analysis of the operating costs? 

Mr. Bropeck. Yes, we did. 

Representative Price. What was your estimate on the operating 
costs on an annual basis? 

Mr. Broseck. Our estimate was about $16 million. 

Representative Price. Fifteen or sixteen ? 

Mr. Broseck. $16 million. It was $16,756,000, of which $3,725,000 
was anticipated capital expenditures during the operating period. 
That is an average expenditure per year. That leaves approximately 
$13 million for noncapital expenditures. (See app. 1, p. 430, for 
operating cost estimates. ) 

Representative Price. What about the cost of power? 

Mr. Broseck. That is estimated also. 

Representative Price. Did you make an estimate of it ? 

Mr. Bropeck. Yes, we did. 

Representative Price. Will you give that to the committee? 

Mr. Bropeck. Yes, I will. (See app. 7, p. 635, for power cost 
estimates. ) 

Representative Price. Do you have it in mind ? 

Mr. Bropeck. Yes. It is available in our report. Would you like 
me to try to find it now? 

Representative Price. If you could give it now, I would like to 
have it in open session, because the point came up yesterday. The 
$16 million figure I assume involves the cost of the complete operation, 
is that right, Mr. Brobeck ? 

Mr. Brosecx. Yes. There are two power items in our estimate. 
One is $114 million, and the other is $210,000. That makes a total 
of $1.7 million. 

Representative Price. $1.7 million per year for the power costs? 

Mr. Bropeck. Yes. 

Representative Price. Are there any further questions? 

Representative Durnam. If he has a complete breakdown on the 
itemized costs, Mr. Chairman, I think it would be well to put it in 
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the record. (Refer to app. 1, p. 513, for cost estimates originally 
prepared by Brobeck Associates.) 

Representative Price. You are going to furnish detailed informa- 
tion. I might say Dr. Ginzton furnished detailed information yester- 
day, is that true, Dr. Ginzton? You have quite a bit of information 
in your statement yesterday as to the cost of operation and construc- 
tion ? 

Dr. Ginzton. Yes, sir. 

Representative Price. Do you notice any discrepancy in the figures 
that have been mentioned here this morning that you would like to 
comment on ? 

Dr. Grinzton. There are no discrepancies, sir. Everything is a 
matter of interpretation, and listing different kinds of costs in differ- 
ent categories. As far as we know there is no discrepancy in the 
actual detailed numbers or in the ultimate conclusion. 

Representative Price. Thank you very much, Mr. Brobeck. 

The next witness will be Dr. Henry DeWolf Smyth, now connected 
with Princeton University, but very well known to the committee 
over the years. He was one of the AEC Commissioners and the 
author of the famous Smyth report, one of the first documents ever 
printed on atomic energy. 


STATEMENT OF DR. HENRY DeWOLF SMYTH, CHAIRMAN, UNIVER- 
SITY RESEARCH BOARD, PROFESSOR OF PHYSICS, PRINCETON 
UNIVERSITY 


Dr. Smytu. Mr. Price, thank you for your remarks. I think I am 
here as an unprejudiced witness in the sense that I don’t know very 
much about accelerators, and high energy physics, and I have no con- 
nection with Stanford. 

My name is Henry DeWolf Smyth. I am chairman of the uni- 
versity research board and professor of physics at Princeton Uni- 
versity. I do not pretend to be an expert on accelerators or high 
energy physics, but I have had nearly 40 years’ experience with re- 
search in phy sics and with the men who carry it out. I understand 
that the committee would welcome some general background which 
may be of assistance in evaluating this remarkable proposal which is 
before you. 

The data of science come from observation and experiment. We 
observe phenomena as they occur around us naturally, or we observe 
the results of changing the natural environment by experiment. Our 
tools of observation are ultimately our five senses but we have found 
ways of extending the power of these senses, particularly the sense of 
sight. When we look at something three factors are involved: the 
object itself, the light that illuminates it, and the eye which detects the 
light reflected or scattered from the object. Often we can extend our 
knowledge by changing the environment of the object we are studying, 
by changing the light or by supplementing the eye. 

Historically, great. advances were first made by supplementing the 
eye with lenses, that is, with microscopes and telescopes, later by using 
photography instead of direct visual observation. Even more strik- 
ing was the substitution of X-rays for natural light. This discovery, 
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as you all know, revealed whole worids which had never been seen 
before. A similar extension of our sense of sight is the use of radar. 

Both X-rays and radar beams differ from visible light only in wave 
length. A stranger, but extraordinarily useful, substitute for a beam 
of light is a beam of high speed particles. It was by studying the 
scattering or reflection of the high speed particles naturally emitted 
by radium that Rutherford first est: ablished the existence of the heavy 
tiny core at the center of atoms that we now call the atomic nucleus. 
Since that time the scattering of beams of natural or artificial par- 
ticles has continued to furnish important information about nuclear 
forces and nuclear structure. Speaking crudely, the degrees to which 
such particles approach the center of atmoic nuclei increases as their 
energy increases. Therefore the accelerator in the proposal before 
you might be described as a searchlight beam to illuminate the dark 
recesses of nuclei to a degree never before achieved. 

As you all know, X-rays not only illuminate, they can cause burns. 
In general, the beam of radiation or particles used to study a structure 
may alter it. In medical terms there are side effects. A study of 
such side effects may be as important, or more so, than the direct study 
of the scattering or reflection of the beam itself. These side effects also 
depend on the energy of the particles or radiation in the beam. 

One of the most important side effects to be studied with this ac- 
celerator is the production of new paritcles, subnuclear particles of 
which so many varieties have been discovered since the war. The 
laws which govern the formation and disintegration of these particles 
remain largely unknown. 

Most of what I have said has to do with the general value of ma- 
chines which give a beam of high energy particles. The experts who 
testified yesterday and who will follow me this morning are in a much 
better position than I to explain the advantages of this machine in 
particular and go int details about the kind ‘of results that may be 
expected. I can summarize my more general views by saying that 
undoubtedly results of great scientific value will be obtained from this 
proposed accelerator, results which could not be obtained with other 
less powerful machines now built or building. Probably some of 
these results will ultimately have practical value but his cannot be 
assured. 

The more general questions facing you are whether this country can 
afford a vigorous and extensive program in high energy physics and, 
if so, how many large machines it is appropriate to ‘build and how 
much money should be spent on them. 

It is my belief that the country can well afford a vigorous program, 
that the country can and should spend more money on basic research 
than heretofore. Such a program will make important contribu- 
tions toward scientific vigor that lies behind our whole technology, 
will help in our efforts to educate more scientists, and will enhance 
our national prestige. There is certainly a limit to how many large 
accelerators we should build in this country and I think we may 
approaching such a limit. However, the Stanford machine is unique 
in its characteristics and I believe should be built. 

When I say that there there is a limit to the number of machines 
we should build, I am more concerned with the continuing operating 
costs than I am with the capital costs of the equipment. I want to 
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emphasize the importance of adequate funds for the modification and 
operation of the machines that we have built or are building or are 
a to build. The only hesitation I have in recommending 
this Stanford project, with its estimated $15 million a year operating 
costs, is the fear that the research budgets of the AEC and other Fed- 
eral agencies will not be increased sufficiently to support the increasing 
operation costs of these machines adequately, and at the same time 
continue the support of other fields than high-energy physics presently 
of great importance or of new areas that may later develop. 

Six years from now when this machine may be coming into opera- 
tion, some of the older accelerators may conceivably have reached the 
end of their usefulness, but for the most part we will need to keep 
them going full blast as well as supporting the new ones. At present 
the cosmotron at Brookhaven and the bevatron at Berkeley are un- 
able to meet the demand. I anticipate that the demand will increase 
rather than decrease and I believe this fact should be clearly borne 
in mind by the committee. 

Speaking more specifically to the Stanford project, it is proposed 
by a group of men thoroughly competent to design, construct, and 
operatte such a machine. They have had many years of experience; 
they have already built a smaller accelerator of the same type with 
vreat success. In addition to the group competent to design and 
build, they have some of the ablest high-energy physicists in the 
country who will certainly know how to make effective use of the 
machine once it is built. 

I am very much in favor of building this machine at Stanford. 
They are fortunate in having a suitable site close to the campus. I 
think it is much better to have the machine close to the group who 
are most competent to build it and who must take the lead in using 
it than to have it at some new site or at one of the national labora- 
tories. Much as I admire the work of the national laboratories, I am 
concerned by the flow of many of our ablest physicists from the uni- 
versities to the national laboratories or to industry. As you know. 
I am well aware of the difficulties that confront a university in under- 
taking so large a project on or near its own campus. Yet I believe 
these difficulties can be solved and that it is extremely important to 
have some facilities of this kind at universities. 

As to costs, this is the most expensive piece of research equipment I 
have ever heard proposed. Yet in terms of development costs or con- 
struction costs in the defense budget, it is not very large. I have made 
no effort to check the cost estimate, but I know you have heard expert 
testimony on that. Based on general experience with this type of 
project, I would like to see more than a 15 percent contingency, or if it 
is better to leave that contingency unchanged, I hope this committee 
will not be unduly shocked or surprised if more than $105 million is 
needed to complete the project. 

In conclusion, let me say again that I believe this project is scien- 
tifically sound and the results will be worth the cost. It 1s, of course, 
impossible to state the value of the results quantitatively because such 
values cannot be measured in dollars. Perhaps the Palomar Observ- 
atory is a good analogy. I don’t see how it could be proved that the 
results from the Palomar Observatory have justified the costs. Yet 
I believe most thoughtful people would agree that they have. 





ea 
ti 
la 
el 
th 
m™m 


co 


th; 


fu 








_— _ 


Oo 0 —-_ -- 


n- 
de 
art 


it 
tee 


en- 
se, 
ich 
TV- 
the 
Yet 


ive. 





STANFORD LINEAR ELECTRON ACCELERATOR 205 


Surely this country can afford to spend a tiny fraction of its great 
wealth in probing the vastness of the stars and the minute complexities 
of the nucleus. 

I would like to speak to four points. They have to do with the loca- 
tion at Stanford, that is the location of such a machine as this at a 
university ; the question of the effect of this machine on other machines 
elsewhere ; the costs; and, finally, I would like to come to the question 
of authorization of the whole of it or part of it, because of the ques- 
tions that you raised yesterday, Mr. Price. 

In my statement I talked about the desirability of this machine and 
an effort in high-energy physics in general, and I said that it seemed 
to me that there must come a time when we reached a limit on the 
number of machines that should be built and operated. I said that we 
might be approaching such a limit. I have heard it stated, perhaps 
correctly, that all groups of physicists who have or are planning or 
building a high energy machine think that here are enough machines 
of this kind around the country, whereas those who do not have access 
to such a machine think more are necessary. 

I will now refer to my statement : 


When I say there is a limit to the number of machines we should build, I am 
more concerned with the continuing operating costs than I am with the capital 
costs of equipment. I want to emphasize the importance of adequate funds for 
the modification and operation of machines that we have built or are building 
or are planning to build. The only hesitation I have in recommending this Stan- 
ford project, with its estimated $15 million a year operating cost, is the fear 
that the research budgets of AEC and other Federal agencies will not be increased 
sufficiently to support the increasing operating costs of these machines adequately, 
and at the same time to continue the support of other fields than high-energy 
physics presently of great importance or of new areas that may later develop. 

Six years from now when this machine may be coming into operation, some 
of the older accelerators may conceivably have reached the end of their useful- 
ness. For the most part we will need to keep them going full blast as well as 
supporting the new ones. At present the cosmotron at Brookhaven and the beva- 
tron at Berkeley are unable to meet the demand. I anticipate the demand will 
increase rather than decrease, and I believe this fact should be clearly borne 


in mind by the committee. 

This is the point I believe was made yesterday. I did not hear the 
early part of the testimony yesterday lave but I think you men- 
tioned it in talking with Dr. Williams. I know that Dr. Williams is 
very much aware of this problem. In the documents which I read 
last night—the background documents for this hearing—it is very 
clearly set forth. I do want to emphasize, however, that once one of 
these machines is built, one not only has operating costs but one has 
modification costs that may be very considerable. I think it would be 
very foolish to undertake a big machine, thinking that once the initial 
cost was met, that that was the end of capital costs and operating costs. 

Representative DurHam. Then in effect, Doctor, the Government is 
going to have to build a machine and also operate it. 

Dr. Smytu. Operate and modify it. 

Representative DurHAM. Because of the fact that it is so expensive. 

Dr. Smytu. That is correct. 

Representative DurHam. There is not any college in the country 
that could afford to operate a machine of this kind ? 

Dr. Smytu. Not conceivably. 

Representative Price. You are referring to what may come in the 
future in the way of modification. 
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Dr. Smytn. Yes. 
Representative Price. What about your views on how close we will 
come to building this machine and putting it in operation under the 
present estimate ? 

Dr. Smyru. I will read you what I said here, and I will add to it 
a little bit: 


As to costs, this is the most expensive piece of research equipment I have ever 
heard proposed. Yet in terms of development costs or construction costs in the 
defense budget, it is not very large. I have made no effort to check the cost 
estimate, but I know you have heard expert testimony on that. Based on gen- 
eral experience with this type of project, I would like to see more than a 15- 
percent contingency, or if it is better to leave that contingency unchanged, I 
hope this committee will not be unduly shocked or surprised if more than $105 
million is needed to complete the project. 

Representative Pricer. Notwithstanding cost estimates or what we 
may face in the future on the cost of such a machine, do you believe 
and feel that it is an essential tool in our basic research program ? 

Dr. Smytn. Yes; I do, Mr. Price. I would like to say with ref- 
erence to costs that I think this machine has a much more solid basis 
for the cost estimates in terms of experience than there has been for 
a good many similar projects. Nevertheless, I have been burned so 
often that I am cautious. 

Representative Durnam. I would like to renew my question at this 
point that I asked the engineer a few moments ago, Doctor. You are 
one of the top physicists in this country and you are recognized as one. 
What are we going to learn from this 10-Bev. machine over and above 
the 6-Bev. machine ? 

Dr. Smytu. Dr. Ramsey, who is the next witness, is far more quali- 
fied than I to answer that question, Mr. Durham. I can only say 
that historically speaking, every time we have made a substantial 
increase in the energy of these particles, which we use to probe the 
problems of nuclear structure, and the laws of force in nuclei, every 
time we have made such an increase we have learned a great deal. So 
while I do want to speak in detail about this, I am quite confident 
that there will be a great deal of information that can be obtained 
with this machme even at the initial energy, which is comparatively 
low—say of the order of twice the 6 billion volts—and they plan to 
go further. I’m sure we will learn a great deal more. 

Representative Duruam. In the future it might be a 20;Bev. ma- 
chine instead of a 10-Bev. machine? 

Dr. Smytu. It probably will be. They are very conservative in 
their claims. 

Representative Price. Will you continue, Doctor? 

Dr. Smytu. That I think brings me to my two other points. I 
wanted to speak specifically to the question of the location at Stan- 
ford. Reading from my prepared statement, I say I am very much 
in favor of building this machine at Stanford. [Reading :] 

They are fortunate in having a suitable site close to the campus. I think it 
is much better to have the machine close to the group who are most competent 
to build it and who must take the lead in using it than to have it at some new 
site, or one of the national laboratories. Much as I admire the work of the 
national laboratories, I am concerned by the flow of many of our ablest 


physicists from the universities to the national laboratories or to industry. As 
you know, I am well aware of the difficulties that confront a university in 
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undertaking so large a project on or near its own campus. Yet I believe these 
difficulties can be solved, and it is extremely important to have facilities of this 


kind at universities. 

The operating cost of this machine—I am now adding to what I 
said here—will be approximately of the same amount that the total 
of the two big projects that we are undertaking at Princeton will 
come to. Princeton is somewhat smaller than Stanford in number of 
students, but I think they are comparable institutions and probably 
fairly comparable in the normal budget. So I think I am in a posi- 
—_ to speak to the problems that a university has in undertaking such 

1 project. I certaimly don’t want to minimize them. However, I 
aeeghe believe that whenever possible research and teaching should 
go together. Therefore, I like the idea of having some of these 
machines when possible adjacent to a university. I mean really 
adjacent. I mean close to the university campus, and not just nomi- 
nally operated by a university. It has that advantage of tying the 
research function to the teaching function—graduate teaching par- 
ticularly—which I think is very valuable both to the teaching and 
to the research. 

In addition to that point, we have at Stanford an unusual situation, 
or somewhat unusual, where the group that Dr. Ginzton was talking 
about yesterday has been engaged in this kind of work for many years. 
They have a nucleus of very able and very experienced people right 
there. I think they can do much better work right there than they 
can somewhere else. 

Representative Durnam. Doctor, doesn’t this require additional 
facilities besides just the machine in arriving at the results? This 
is different from the computers that we have today. Could this 
machine operate without a computer system ? 

Dr. Smyru. I am afraid I don’t know that, or I don’t know what 
computing facilities they have at Stanford. 

Representative DurHam. I just raise the question. It would take 
too much time to do it by pencil and paper. That would be out the 
door. I am wondering whether they have the facilities to carry out 
the results. 

Representative Price. Perhaps Dr. Ginzton could comment on that. 
Will there be a separate computing facility with this accelerator ? 

Dr. Ginzton. It is precisely the point that Dr. Smyth makes that 
we make in our proposal that we do not wish to develop separate com- 
puting centers. We wish to be close to the university because the rest 
of the functions of the university could be integrated with those pro- 
posed in this project. We have a computer now, for example. It is 
adequate for the purposes at the moment. It may not be sufficient 
in the future, but it will be shared in this program with other pro- 
grams. 

Representative DurHamM. Is it a large one or small one? 

Dr. Grnzton. It is a large one. 

Representative DurHAm. Is it similar to the one at Bettis? 

Dr. Grnzton. I am sorry, I am not acquainted with that one. 

Representative DurHam. I just raise t the question because I don’t 
think this includes all the costs. 

Dr. Smytu. Mr. Durham, I would like to emphasize the point that 
Dr. Ginzton just made. There is increasing demand in a great many 





208 STANFORD LINEAR ELECTRON ACCELERATOR 


departments of the universities for computers—that is, high speed 
computers—it may well be that a computing center at Stanford could 
serve both this machine and other needs of the universities, whereas 
if this machine were in an isolated spot, that would be much more 
difficult. 

Representative DurHAm. That isthe reason I raised the question, be- 
cause I think they go hand in hand. 

Representative Price. Dr. Smyth, do you feel it is desirable to 
authorize the full amount of the cost estimate at this time, rather than 


to authorize only a sufficient amount to carry on design and engineer- | 


ing ? 

Dr. Smytu. I feel very strongly, Mr. Price, that the full amount 
should be authorized at this time. This is a point that I did not cover 
in my statement, but as I said at the beginning of my testimony, I do 
want to talk about it. I have had some experience in the past with 
situations where preliminary design was authorized or research was 
authorized on a project, and then there was a long delay before fur. 
ther authorization came through. Thisisextremely demoralizing. It 
makes it difficult to assemble a staff, and once the staff is assembled, 
and then there is delay in further authorization, the staff disappears 
and it becomes extremely difficult to reassemble the staff. In this case 
particularly, where the design is so fully worked out in the sense 
of depending on components that are already in use, and where, as I 
understand it, a machine could be built that would be very useful 
even without further development of the components, I think it would 
be very undesirable to give partial authorization. It seems to me that 
eee authorization or authorization for design or research studies 

airs ig te when you are not sure whether the thing is going to 
work, and you want to have another look at it. In this case I don’t 
believe there is any doubt about the probability of the machine work- 
ing. The only doubt is how well it will work and whether research can 
make it work better. 

Representative DurHam. Doctor, you have one of the most im- 
portant projects under your supervision, the Sherwood Project. In 
your opinion, would this add to research data and give you a. better 
insight into matter? 

Dr. Smyrna. Yes, sir. 

Representative Durnam. It would reflect itself in the national 
security and defense? 

Mr. Smyru. Eventually. I would not want to claim that I see any 
direct military value to this. I don’t. You don’t mean that. 

Representative DurHam. I don’t mean that, of course. I am look- 
ing to the future. 

Representative Price. Dr. Smyth, in your prepared statement you 
say that the country can and should spend more money on basic re- 
search than heretofore. In your opinion, is the present support of 
basic research well balanced or are there certain areas which are not 
receiving their proper share of such support ? 

Dr. Smytu. In the areas with which I am familiar, Mr. Price, I 
think the balance is good. I should say, perhaps, in-the general area 
of physics. I was talking recently with some of my colleagues, and 
they gave the opinion, with which I agree, that the good work in 
physics is for the most part being adequately supported. Of course, 
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we could always use more money. I think the support is well balanced 
and is good. Although it looks as though high energy physics was 
getting much greater support than other fields, it is in terms of dollars, 
but it just happens to be a very expensive field. 

Representative Price. This field takes not only the mind, but the 
machinery and the tools. 

Mr. Smyru. That is right. A theoretical physicist or mathe- 
matician may be making just as great contribution to science as the 
persons who run these lie accelerators, but it does not cost nearly 
as much. Unless he has the results that he gets from the big accelera- 
tor, he will be working in a vacuum to some extent. 

Representative Price. Do you think of any area in basic research 
that you feel is not getting adequate support or that you would say 
should have more support ? 

Dr. Smyrx. Not in the field of physics, and I don’t really know 
enough about other sicentific fields to answer that question without 
some study and consideration. 

Representative Price. Do you have any further comments to make? 

Dr. Smytu. No; I think I have covered the four points that I 
particularly wanted to cover. 

Representative Price. Are there any questions? If not, thank you 
very much, Dr. Smyth. It has been a pleasure to have you before the 
committee again. 

Dr. Smyru. Thank you. It is always pleasant to be here. 

Representative Price. The next witness—— 

Senator Hicken.ooper. I am sorry I had to be away from the meet- 
ing while Mr. Brobeck was finishing his testimony. Did you go into 
the cause of the differences in these items as set out on the comparative 
cost sheet? (See p. 40.) 

Representative Price. I think we did pretty well, Senator, but if 
there is any particular one you are interested in, we might go into 
that. 

Senator Hicken.oorer. I was interested in all of them because 
there is a substantial variation. 

Representative Price. We went into it, I think, pretty thoroughly, 
but if you would like to ask Mr. Brobeck any questions, he is still here. 
; Senator HicKenLooper. I was not clear whether they used the same 
data. 

Mr. Price. Mr. Brobeck, will you come around ? 

Senator HickEN Looper. I don’t mean to delay this. 

Representative Price. Dr. Williams also is here from AEC and Mr. 
Ginzton is here from the university, so we may be able to resolve any 
questions that might arise. 

Senator HickenLooper. For instance, Mr. Brobeck, the Stanford 
University estimate on improvements to land is $1,799,000. The esti- 
mate of your company is $783,000. The AEC is $1,956,000. That is 
quite a discrepancy. I am not questioning the verity of the figures, 
but I am wondering what basis you used. In other words, we cannot 
get any real idea of costs if we don’t use the same basic figures. 

_ Mr. Broseck. That is quite right. I don’t know of any differences 
in our planning or estimating. I believe that difference is in the 
allocation of the cost to the different items on the list. 
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Senator HickEeNLooper. On utilities the Stanford estimate is 
$4,862,000, the Brobeck estimate is $11,858,000—that is two and a 
half times or more of the Stanford estimate—the AEC estimate is 
$12 million plus, not quite three times 4s much. I fail to see where 
the discrepancy comes. 

Mr. Broseck. In that case I believe the difference was that in our 
estimate and the AEC’s, we went into considerably more detail in 
the design of the utilities than in the case of Stanford. 

Senator Hicken.Looper. Wasn't there an agreement as to the basic 
data on which these estimates could be formulated ? 

Mr. Bropeck. The requirements of the machine in the first two 
columns, Brobeck and Stanford, were the same. That is the per- 
formance of the machine as a whole. Such items as the amount of 
electrical power and wiring and the lengths of the runs of the cable 
and the number of circuit breakers, and things like that, were not 
worked out in detail in the Stanford estimate. In the AEC column 
there have been changes during the last year in the requirements of 
the machine. These changes such as item C as far as construction 
costs are concerned more or less offset each other. 

Senator HickENLoopeR. What value is this comparative table to 
us? I don’t see any value at all to this table unless you all take the 
same assumptions. If your assumptions are different on various 
phases of this thing that is another thing. If they are different for 
the various estimates then it is still of no value to us. The only way 
I can see how any estimate of this kind, of Stanford, Brobeck Engi- 
neering Co., and AEC would be useful is if they had the same basis 
to work on. 

Representative Price. Dr. Williams, would you comment on that? 

Dr. WiuiaMs. Yes, sir; if you take the utilities item you were just 
asking about, Senator Hickenlooper, as an example, and recognize that 
this summary table which is before you is drawn up in the categories 
which are pertinent to the AEC presentation of budgets, the Stanford 
people working as a university did not follow that breakdown system 
and Mr. Brobeck and his associates came closer to it. Let us take an 
example in the utilities. The Brobeck estimate is $11,858,000, and the 
AEC is $12,042,000, not a large percentage of difference. This is made 
up of some items I would be happy to relate here. 

Senator HickeNLooper. I admit those two are close together. It is 
probably closer than might often occur with two estimates operating 
even on the same basic data. I can’t for the life of me see why the 
Stanford estimate would be $4,862,000 and both Brobeck and AEC 
would be almost $12 million. 

Dr. Witu1aMs. Let me tell you what the Stanford people eliminated 
from their categories of utilities and perhaps that would help to 
answer that question. The substation and AEC feeders, they esti- 
mated $2.2 million, whereas both the AEC and Brobeck estimated 
some $7 million. This is a question of what sort of distribution should 
be properly put in to cover the complex as we visualize as a complete 
engineering system. 

In the Stanford case, this cost category may well have fallen into 
something in the construction of the building. 

In the second case on the Stanford estimate was the water supply and 
storage. The sewers and drains were left out of the Stanford thing. 
The alternating current distribution was left out. 
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Senator HickenLoorrer. Why was it left out? 

Dr. Witu1ams. They were put in different categories. That is all 
I am saying. 

Representative Price. Dr. Ginzton in explaining these items a short 
while ago said he did not consider them discrepancies, but variations. 

Senator HicKENLooper. I don’t consider them discrepancies, either. 

Representative Price. They may turn up some place else. 

Senator HickenLoorer. They ‘4 not turn up because the total is 
$79 million plus. 

Representative Price. That difference comes from the elimination 
of items D and E. Dr. Ginzton, will you comment ? 

Dr. Ginzron. If I may use the blackboard, Mr. Chairman. First 
of all, there are two things I would like to say. The Stanford esti- 
mates which are listed in the Stanford proposal were prepared in 1956, 
and written up and presented to the Government in 1957; 1956 is an 
important date. Between 1956 and 1958 when the Brobeck review 
took place, and 1959, which is the AEC review of the estimate, certain 
changes occurred in the attitude toward certain objectives of the pro- 
gram and finally due to certain recommendations of the GAC and 
National Science Foundation Panels. All these things have occurred 
in a way which have reflected themselves in a great many ways. 

Senator HickENLoorer. The Stanford estimate is certainly worth- 
less, then. 

Dr. Ginzton. No, sir; itis not. I would like to say there are pages 
and pages of detailed estimates. 

Senator HickeNLooper. I don’t mean to question the figures or the 
accuracy of the competence of the people who made them, but if you 
take a 1956 figure and add a lot more for instances to it, it would be 
different. 

Dr. Gryzton. This is the point I would like to come to; 1956, 
which is the 1957 proposal, we said we would need $79 million to build 
this machine. In 1958, which is the Brobeck proposal, Mr. Brobeck 
said that our estimates were, with everything taken into account, 10 
percent too low due to his more conservative approach to the problem, 
and due to the changes which occurred between 1956 and 1958. This 
added $8 million to our estimate. This is the only change between 
ours and the Brobeck final total. The only changes which occur in 
the presentation of data here are due to the fact that we excluded esca- 
lation—to a very large degree—and included nothing for contingency. 
These two items—which are listed as d and e—together with the 
10-percent Brobeck difference over ours are the only change I can 
identify. The differences in the columns which are presented in the 
various categories are due to the fact that perhaps 100 pages of data 
were grouped differently by Stanford, Brobeck, and the AEC. 

If you permit me to do one more thing, if you permit me to take 
this $116 million Brobeck estimate and the final AEC review which 
resulted in the $105 million, and to take out of these two numbers the 
research and development costs plus their share of escalation and 
contingency. If I subtract those two numbers—that is, engineering 
and their share for escalation and contingency—you find that the 
Brobeck proposal comes out with 94.7 million and the AEC is 95.8. 
This includes an analysis of hundreds and hundreds of items. This 
happens to be a remarkable or fortunate coincidence. 
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Senator HickenLooper. I am not questioning the accuracy or verity 
of the calculations. I am trying to get straight whether or not all 
three groups that estimated this had the same factors in mind when 
they started and if they did not, why not. It does not do us any 
good to have a lot of variations here. 

_ Dr. Gryzron. The estimates are based on the same machine, but 
over a period of 3 years there have been certain minor changes which 
have reflected themselves in, for example, Mr. Brobeck’s ae 
our estimates by 10 percent. But other than chan such as include 
in the 10-percent difference, we all started with the same premise; a 
2-mile machine, equipped with certain research equipment, and so 
forth. The estimates are based on the same approach to the problem 
in all cases, with only relatively minor variations, and the data being 
presented differently. Other than that it is the same data. 

Representative Price. I think Dr. Williams’ testimony would indi- 
cate that you did not use the same factors. 

Dr. Wiu1AMs. The principal difference in the factors is the omis- 
sion of d and e from the original Stanford proposal. The factors 
under consideration have changed during the time, particularly in 
the last year, by the reduction in the number of klystrons, as one 
example of a change. These changes are minor in comparison to the 
total. I concur with Dr. Ginzton’s statement that there are no dis- 
crepancies. It is a question of order of categorization which I am 
sure is confusing without studying the many, many backup pages 

Representative Price. When was the Commission estimate made ? 

Dr. Wiiutams. The final Commission estimate was made in very 
early May following the assignment of responsibility to the AEC. 

Representative Price. May of what year? 

Dr. WituiAMs. May of this year. These final figures in the data 
sheets before you were assembled in May. 

Representative Price. When were your estimates made, Mr. 
Brobeck ¢ 

Mr. Brosecx. June 1958. 

Representative Price. And yours were made in 1956? 

Dr. Grnzron. Our original estimates during the fall of 1956. 

Representative Price. The estimates that appear in this chart that 
we have, when were they made? 

Dr. Grnzton. Completed in the fall and winter of 1956. 

Representative Price. The Commission estimates then are the most 
recent estimates. 

Dr. Witu1aMs. Most recent by 1 year, approximately, or later than 
Mr. Brobeck’s firm. 

Mr. Ramey. Did you bring in an outside consultant firm on your re- 
review of your project? 

Dr. Witu1ams. We did not. We used our own Division of Con- 
struction and Supply as our experts. 

Senator HickenLoorer. The only point I make, Mr. Chairman, is 
that if you build a house based upon a room here and here and certain 
accessories and utilities, and you submit it to three people based upon 
those assumptions, you may have a slight discrepancy, because you 
have that in any building that is figured. Manifestly, if you say to 
one estimator, we want a house of this kind, and you say to another 
one we want some changes in it, the figures do not do you much good. 





th 





STANFORD LINEAR ELECTRON ACCELERATOR 213 


Dr. Witx1aMs. I would again try to assure you, Senator, that there 
has been no basic change in the character of this so-called house. 
The analogies are not very exact, because it is more complicated than 
a house. There has been no change in the basic character of the 
house. 

Representative Price. The Senator’s point is very well taken. For 
instance, my question on the building item, No. 2, item c, I question 
Mr. Brobeck being $4 million under the AEC figure. He indicated 
it was because of the different type of construction. It seems to me 
that in order to get the most reasonable and accurate estimate you 
would know in advance what type of construction this is going to be. 
As of now, the engineering design has not proceeded to the point 
where you know exactly what type of facilities will be and what the 
average cost of construction will be in that area. 

Dr. Witt1ams. The AEC figures on the construction are certainly 
more conservative in that they anticipated costs that Mr. Brobec 
did not. There are additional minor buildings, auditorium, cafeteria, 
and guardhouses added to the Brobeck estimate. 

Representative Price. Mr. Brobeck said he was basing his figures 
on a low-cost construction. What type of building did you base your 
figures on? 

Dr. Witiiams. May I ask Mr. Radley of our Division of Construc- 
tion and Supply to answer this in detail because he was responsible 
for that. figure. 

Mr. H. Monroe Radley, Assistant Chief, Engineering Branch, Di- 
vision of Construction and Supply, AEC. We have assumed that 
what you might call customary industrial construction detailing 
would be used for these buildings. In some cases we have added to 
some of the other estimates because our experience indicates that the 
estimates were a little low. We have one building here which is 100 
feet high to which we have added quite a little money because of the 
extra cost. Generally you can say it is just the usual type of indus- 
trial construction conforming to AEC standards. 

Senator Hicken.oorer. Did you estimate on a different building 
than they estimated ? 

Mr. Raney. I have a tabulation here which explains it. 

Senator Hicken.oorer. The tabulation would not do me any good. 
I am not an engineer. 


Representative Price. The point is whether you estimated on the 
same building. 

Senator Hicken.oorer. I am talking about whether you estimated 
on the same building. All I am trying to get straight is what are 
these estimates based on ? 

Mr. Rapiey. You might say substantially the same building. 

Representative Price. You were referring to a particular building. 
What is your estimate on that building? 

Mr. Raptey. This large end station was $5,600,000. 

Representative Price. For one building? 

Mr. Raptey. For one building. 

Representative Pricr. Mr. Brobeck, could you find your estimate on 
that one particular building ? 

Mr. Broseck. It is $3,384,000. 

Representative Price. On the same building? 
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‘Mr. Bropeck. Apparently. 

Representative Price. You are both not using the same factor. Mr. 
Brobeck is thinking of a lower cost construction. 

Mr. Broseck. That estimate was made by our 

Representative Price. This would mean materials used in the con- 
struction of the building? 

Mr. Bropeck. Yes. That estimate was made by Kaiser engineers 
based on a detailed design of that building. 

Representative Price. Could you tell us what the type of construc- 
tion would be? 

Mr. Broseck. It was a steel frame building. 

Representative Price. What were yours? 

Mr. Raptey. Steel frame building, concrete floor slab, and some 
type of siding such as corrugated asbestos, or something like that. 

Representative Price. This is a matter of estimates. Yeu disagree 
on the estimates. It is quite a disagreement. 

Senator Hicken.oorer. Let us take the tunnel. You know the 
length of the tunnel. Isn’t that pretty well fixed ? 

Mr. Bropeck. Yes. 

Senator HickenLoorer. You know the dimensions of the tunnel. 

Mr. Bropeck. Yes. 

Senator Hickentoorer. Isn’t that pretty well fixed ? 

Mr. Brosecx. The tunnel that we estimated had additional space 
in it for electrical power equipment which is not included in the tun- 
nel that Stanford estimated. We found those spaces to be necessary 
when the detailed layout was made. 

Senator Hicken.oorer. I understand that they had trouble with 
this tunnel going from here over to the New Senate Office Building. 

Representative Price. They had no trouble with the tunnel. They 
could not find a way to get out. 

Senator HickeNnvooper. It is a little different from that. They 
started from each end where they could see each end of the tunnel 
and missed it by some 8 feet, I am told. You do have difficulties with 
tunnels, as I understand. Also they walled it up so they could not 
get the cars in. So those things occurred, and maybe you can say 
they are routine. But on this tunnel, there is a difference of $514 
million in one estimate and $614 million in the other. If it is the 
same tunnel I can’t understand it. If it is a different tunnel and a 
lot of things are put in it that were nt included in the other, that is 
all I am getting at. 

Dr. Ginzron. Perhaps I should apologize for Stanford suggesting 
the use of tunnels. The difference of these estimates is due to a very 
major item. The tunnels are exactly the same tunnels in terms of 
dimensions. The difference is that Stanford did not propose to line 
the tunnels with concrete. We did not think it was necessary. Fur- 
ther studies by Kaiser engineers indicated that for various reasons 
lining the tunnels with reinforced concrete would be desirable and we 
agreed with them. This represents an additional cost of $3 million. 





es ee 


————— ——— 








hae = ore 


n 


mri IQ 


18 


ns 
ve 
mn. 


STANFORD LINEAR ELECTRON ACCELERATOR 215 


Senator HickenLoorer. I can understand that. 
ing with it. 

Dr. Ginzron. Further, the Brobeck Associates in laying out the 
detailed plan of the tunnels showed that there was not sufficient space 
in the tunnels for electrical equipment, and suggested the use of addi- 
tiona] side tunnels. These were not anticipated by Stanford. We 
agreed that additions of this sort made by Brobeck Associates were 
wise. We accepted theirs in presenting our data to AEC finally. We 
agreed that a substantial fraction of the cost indicated between ours 
and Brobeck’s is due to these two factors, and we accepted the Brobeck 
approach as being the proper approach. } 

Senator HickenLoorer. I am not quarreling with the sincerity of 
these estimates. I am just saying that to submit figures here that are 
not based on the same thing does not do us any good. 

Dr. Ginzton. They are based on the same things except that things 
have evolved. For example, one item, the tunnels are now proposed 
to be lined. This is a specific thing that developed over a period of 
3 years. 

Senator Hicken.oorer. I understand that. I am not quarreling 
with it in the slightest degree. I do know that we have to stand 
on the floor and exhibit figures and these figures to me are worthless, 
with the exception of probably the Brobeck and AEC figures. In 
comparison with the Stanford figures, that will need a lot of explana- 
tion which gets into a technical field which is beyond me. 

Representative Price. Dr. Williams, for the information of the com- 
mittee, would you supply the detailed background of these figures 
for the record ? 

Dr. Witu1ams. We can give the backup sheets for the record. We 
will provide the breakdown of these more summary statements, 

(The information requested is as follows:) 


I am not quarrel- 


COMPARATIVE Cost ESTIMATES STANFORD ELECTRON ACCELERATOR (CONSTRUCTION ) 


In comparing the cost estimates prepared by Stanford University, Brobeck 
Associates, and the AEC several salient points must be borne in mind. 

(1) The three estimates were made at different times: Stanford in late 1956, 
Brobeck in mid-1958, and the AEC in mid-1959. Representatives of Stanford 
aided the AEC in preparing its estimate and concurred in the data sheets that 
were presented to Congress. 

(2) The three estimates were made under slightly different assumptions: The 
number of klystrons in AEC’s estimate was reduced from 480 to 240, the num- 
ber of buildings in AEC’s estimate was increased, Stanford’s estimate did not 
provide a concrete lining for the tunnel, and AEC’s and Brobeck’s estimates 
assume a larger demand for power. 

(3) Stanford included no estimate for contingency and only $2 million for 
escalation, which accounts in large part for their estimate being substantially 
lower than the estimates made by Brobeck and the AEC. 

(4) The AEC’s estimate contemplates that $18 million will be needed for re- 
search and development. This amount should be added to AEC’s estimate of 
$105 million when comparing the AEC estimate with the estimates made by 
Stanford and Brobeck since both of these estimates included this item as part 
of the construction costs. However, it should be noted that the amount orig- 


inally included for research and development by Stanford and Brobeck totaled 
approximately $10 million. 
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Representative Price. And on the operating costs also. 
Dr. WitiiaMs. Yes, we will make an attempt to do that. 
Representative Price. Thank you very much, gentlemen. 
(The information requested is as follows :) 


COMPARATIVE ANNUAL OPERATING Cost ESTIMATES, STANFORD ELECTRON ACCELERA- 
TOR, FOR INCLUSION IN THE STANFORD ACCELERATOR HEARINGS, JULY 15, 1959 


As in the case of the comparison of construction estimates, the operating esti- 
mates prepared by Stanford University, Brobeck Associates, and the AEC were 
made at different times and under slightly different assumptions. Furthermore, 
these estimate have been based on an operational year some 6 years hence for 
a machine to be used for experimental purposes, the operating details of which 
cannot be accurately predicted. Under the circumstances a complete detailed 
analysis of the operating costs has not been made by the Atomic Energy Com- 
mission, but rather an intermediate figure between the Stanford and Brobeck 
estimates has been developed. 

{In thousands] 











l | 
Item | Stanford | Brobeck | AEC 
| 
Machine operation and maintenance----___-.-_----- $5, 431 $5, 878 $5, 000 
Research and research equipment--_---------.---- 6, 305 | 6, 835 
Machine changes and improvements._-__........__--- eaimeodl 75 | 1, 375 | 10, 000 
General services and administration - - ~~ .......-..-...------ | 1, 704 | 2, 657 
I st nica aptneiprios senna sans 14, 315 | 16, 745 | 15, 000 





NoTe.—Refer to appendix 7, page 634, for operating and electrical energy costs 
estimates submitted by William M. Brobeck and Associates and to appendix 9, 
page 641, for power cost estimate submitted by Stanford. 

Representative Price. The next witness will be Dr. N. F. Ramsey, 
of the Harvard-MIT accelerator project. Dr. Ramsey. 


STATEMENT OF DR. NORMAN F. RAMSEY, PROFESSOR OF PHYSICS, 
HARVARD UNIVERSITY 


Dr. Ramsey. Thank you, Mr. Chairman. I think Dr. Smyth in 
his introduction said that he was here as an unprejudiced witness. In 
a certain sense I would appear to be superficially a prejudiced witness 
who by normal nantes would be prejudiced against the project. 
This is by virtue of the fact that I am rather well known to prefer 
small and inexpensive research compared to large and expensive re- 
search. Furthermore, I am associated with the Cambridge electron 
accelerator, which you might say is a competitor of this one, and if we 
can keep the competition out, we will have the field to ourselves. 

However, despite this fact, as will be apparent in the statement, I 
am strongly in support of the present proposal and I shall explain 
the reasons for this. 

For many years, one of the basic and most fruitful scientific studies 
has been the study of the nature of matter and of the particles of 
which matter consists. From these studies there have been immense 
practical applications whose value vastly exceeds the cost of the origi- 
nal research in the field. As examples of direct application of such 
research, I need only to mention the discovery and study of electric- 
ity during an earlier century and the practical development of atomic 
and fusion energy in more recent years. However, the indirect ap- 
plications arising from the technology developed in the course of such 


-— 


i 
; 
j 





ee i 


a aed 


Sl 
al 





n 
n 
3S 
r 
n 


ve 


in 


Ng SET ET I 


omnes 


oper 


STANFORD LINEAR ELECTRON ACCELERATOR 219 


research have been of comparable importance. For example, the 
earliest digital electronic circuits that are now so widely used in com- 
puting machines, missile guidance systems, and so forth, were first 
developed by nuclear physicists for use in their basic research. 

The basic study of elementary particles has led to the need for ac- 
celerators of increased energy and, consequently and unfortunately, of 
increased cost. The need for the increased energy is a direct con- 
sequence of the nature of the problem and chiefly arises from the fol- 
lowing two characteristics: (a) the need for high energies to dissociate 
and create the various elementary particles, some of which live only 
extremely short times and (0) the necessity if using particles of very 
short wavelength and hence of very high energy in order to be able 
to explore the internal nature of the extremely small elementary 
particles. 

In my opinion, the necessity for large and expensive accelerators is 
a very sad necessity which nature seems to be forcing upon scientists. 
For example, as a scientist I greatly regret the inevitable amount of 
time which so brilliant a man as Professor Panofsky will have to 
spend on administrative, financial, and redtape problems with the 
proposed accelerator. On the other hand, I can assure you that the 
need for high energy and expensive accelerators is an essential char- 
acteristic of the basic problems and is not merely a desire on the part 
of Professor Panofsky or other scientists to spend large sums of 
money and to operate large government supported contracts. If, 
for example, it were possible to manufacture an accelerator costing 
only $1 million instead of $100 million which would produce the 
same kind of basic results but merely at a 100 times slower rate, 
I can assure you that such an accelerator would be greatly wel- 
comed by me, and I am sure the same would be true of Professor Pa- 
nofsky. Unfortunately, however, with only present knowledge or 
expectations, such a less expensive accelerator would simply not pro- 
duce the same kind of information at all. At high energies it is pos- 
sible to create elementary particle reactions that simply cannot occur 
at lower energies. 

If you have to produce phenomena that only occur at 10 billion 
volts, you have to go to 10 billion volts. If you drop down to 4 bil- 
lion volts, you don’t produce it at all. 

Now I would like to make some comments on the general feasibility 
as viewed by myself of the proposal which I have studied with great 
interest and great care for a number of years, beginning with the 
1956 proposal, and even periods before that. I am thoroughly con- 
vinced that the device is feasible. In any completely new project of 
this nature, it is inevitable that many of the specific sol detailed 
plans must be altered before final construction is completed, due to 
new knowledge and experience gained. Several examples have al- 
ready come up. There is the necessity of lining the walls of the tun- 
nel on further detailed studies. 

On the other hand, with such normal modifications in a project of 
this nature, I see no reason that the proposed accelerator should fail. 
In fact, the nature of the linear accelerator is such that although the 
cost is high, the device is basically simple in conception and avoids 
some potential difficulties which other accelerators have. 
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Desirability: In my opinion, the proposed linear accelerator fits 
in well with a rational national and international program of high 
energy research. At the present time there exists in operation no 
accelerator which is even moderately competitive with the one pro- 
posed. Most of the existing and proposed multi-Bev accelerators 
are for protons. Although for comparable energies electron accelera- 
tors ud proton accelerators will cctiiatity ncetede similar ashe ta 
the nature of the studies which can be carried out most effectively 
with the two categories of accelerators are quite different. An elec- 
tron accelerator can provide information on the photo-excitation of 
elementary particle reactions, experimental data on the charge dis- 
tribution and structure of nucleons, etc., which cannot be obtained 
from a proton accelerator, regardless of its energies. 

Of the accelerators currently planned or under construction, the 
one most. nearly competitive with that proposed for Standford is the 
Cambridge electron accelerator jointly sponsored by Harvard Uni- 
versity and the Massachusetts Institute of Technology. This accelera- 
tor, with which I am associated, in my opinion gives promise of being 
an extremely interesting one scientifically. Even if the proposed 
Stanford accelerator were an exact duplicate of the Cambridge elec- 
tron accelerator, I would welcome its construction, since we already 
see that one of our most difficult operating problems will be taking 
care of the huge demand for experimental time on this machine. 
However, the proposed accelerator is quite different in nature from 
the Cambridge one, and it is quite certain that the two instruments 
will complement rather than compete with each other. 

It might appear logical that I should oppose the Stanford proposal 
since, on the completion of that project, I could no longer boast of 
being associated with the world’s highest energy electron accelerator. 
On the other hand, I am convinced that the Stanford accelerator will 
make important contributions to science and I further believe that the 
two accelerators will complement each other in such a fashion that 
each in the presence of the other will contribute more valuable infor- 
mation than it would if only one of the instruments existed. The two 
instruments differ in many ways, of which perhaps the most important 
is in energy. The Stanford accelerator was initially planned for 
approximately 15 Bev. with the potentiality of perhaps eventually 
achieving 45 Bev. with the appropriation of additional funds. The 
Cambridge electron accelerator, on the other hand, is initially planned 
for 6 Bev., though with some additional future funds the energy could 
probably be raised to 714 Bev. or higher. However, in no case could 
the energy be increased beyond 10 Bev. At energies of less than ap- 
proximately 10 Bev. a circular accelerator can provide a major finan- 
cial saving by virtue of the fact that each radio frequency cavity can 
accelerate each particle many times, since the particles pass through 
the cavity each time they travel around the circle. én the other 


hand, with electrons at higher energies, a circular machine becomes 
impractical due to the enormous loss of energy by electromagnetic 
radiation. Two electrons in going in a circular orbit are accelerated. 
The fact that they are aecelerated makes them like a radio trans- 
mitting antenna and enormous power is lost in that form. This radia- 
tion loss is proportional to the third power of the particle energy and 
the first power of the magnetic field. Consequently, at energies above 
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10 Bev. either enormous amounts of radio frequency power must be 
supplied or else the magnetic field must be so drastically reduced that 
the circle is of such a huge size that all economic advantages of the 
circular machine are lost. Personally I know of no other practical 
way to produce electrons in the 10 to 45 Bev. energy region than with 
a linear accelerator that is similar to that proposed by the Stanford 
group. 

Now, as to the question concerning which several people passed the 
buck to me and on which I cannot again pass it on, namely, what 
can be learned at 10 to 15 Bev. that cannot be learned at 6 Bev., I 
think the only really honest answer to that question is I don’t know. 
That is a very exciting and interesting answer, not the reverse. The 
very fact that you cannot predict exactly what will occur between 
6 and 7.5 Bev. and 15 or 45 Bev. is one of the important reasons you 
want to make the study. 

Representative Price. Will you explain why 10 Bev. is the upper 
limit for the circular accelerator ? 

Dr. Ramsey. Yes; if an electron is accelerated it radiates radio 
waves. This is at low frequency. An electron moving in a circle is 
also accelerated and it is going practically the velocity of light. It is 
99.9999999 percent of the velocity of light. As a result of this from 
a relativistic calculation, it turns out that there is a large amount of 
electromagnetic radiation which is very strong X-ray radiation from 
the particles as they go around. For example, at 6 Bev. the first en- 
ergy we are working for on the Cambridge machine, each time our 
electrons make one traversal of the circle, they radiate 4.5 million 
volts of energy. In other words, if we don’t supply as much as 4.5 
million volts to those particles each revolution,. instead of being ac- 
celerated they will be decelerated. This radiation goes up very 
rapidly with the energy of the particle. If instead of at 6 Bev. we 
were, with the same machine, at 18 Bev., that is three times the energy, 
it would then take about a hundred times as much radiofrequency 
power to compensate for this energy loss. 

In addition to the mere necessity of supplying power, there is also 
an inconvenience and an awkwardness that as the particles radiate 
due to this circular motion, a certain distortion of the orbit comes in. 
So it is harder to trap them in our focusing magnetic field. It is 
for this reason that certainly above 10 Bev. region it would be much 
more economical, in my opinion, to go to a linear machine. 

Mr. Price. How does the operation of the two machines compare, 
including intensity ? 

_ Dr. Ramsey. The Stanford machine should be about 30 times the 
intensity of ours. We expect to average a beam intensity of 1 micro- 
ampere. I think their expectation is 30 microamperes. There are 
many ways in which the machines differ. Sometimes it is to the ad- 
vantage of one and sometimes to the advantage of the other. For 
example, I think both machines will be able to provide external 
beams of the electrons which are one of the useful ways of making 
studies. On the other hand, I think there is little question that it is 
easier in the Stanford machine to get an external beam of electrons 
than with a circular one. Our electrons are trapped in a field. We 
have to do various tricks to get them out. In the case of the Stanford 
machine, they are going straight down the line, and all you have to 
43633 O—59——15 
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do is let them out at the bottom, as it were. These accelerators for 
different experiments will complement each other quite satisfactorily. 
This has been the experience on past accelerators as well. omy: 

Representative Bares. Doctor, are there any minimum limits to 
which the linear one can go? In other words, can it operate effectively 
below 6 Bev. ¢ 

Dr. Ramsey. Yes. In the first place, they can take the beam off 
part way down the line. It could cover a wide range of energies. 
On the other hand I think the general experience from this would not 
encourage us to build the Stanford accelerator, say, and to cancel out 
the Cambridge one. In actual practice it almost always has turned 
out that the machines are usually spending 90 percent of their time 
operating at the upper limit. 

Another way of saying it is that it is poor economy to have a 
hundred-million-dollar machine operating as a few million-dollar 
machine. 

Representative Bares. If the situation required they could comple- 
ment each other and do similar work and relieve the workload of one 
or another within the limited field ? 

Dr. Ramsey. Very much so. One of the kinds of things which is 
characteristic of physics research and which I am certain we would 
both be doing is, for example, measurements on how various phenom- 
ena vary between 6 and 15 Bev. They will come down to 6 to see how 
it cross-compares with our completely independent measurements at 
6, because then you have a calibration of each apparatus, and find out 
one or the other is wrong or each has correct results. I think to this 
extent they are very strongly mutually supporting. 

The same is true on ideas which can originate from each machine. 
In other words, I think it is almost inevitable that the Cambridge 
electron accelerator group will think of a smart kind of research ex- 
periment which is just perfect to be done at 12 Bev. region, and I 
am sure likewise that new techniques will be introduced at Stanford 
energies which we will be just delighted to take over and will greatly 
increase the efficiency of our machines at lower energies. 

Representative Bares. You indicated you did not know the answer 
to the question that awaited you. Yesterday I understood Dr. Ha- 
worth to indicate, as I recall, that the antiparticles which have been 
theoretically computed would undoubtedly be determined by the 
higher Bev. At least that was the conclusion I drew from what he 
said. 

Dr. Ramsey. I only got to a part of my statement on that. I think 
the really interesting and really important discoveries that are going 
to be made at the additional energies provided by the Stanford ma- 
chine will be the things that we cannot predict. The very fact that 
we cannot predict them is why they are important. 

It is also true that you can quite clearly predict a certain number 
of things which should be particularly relevant. For example, con- 
sider the case of the so-called cascade particles, in this case the thresh- 
old for the production of pairs of these particles is around 7 Bev. 
Certainly when the Cambridge accelerator is in the 6 Bev. form, 
which is the form initially authorized, it will not produce these at all 
in pairs. Even if our energy is increased to 7.5 Bev. we will produce 
them only in modest quantities. On the other hand, at 10 or 15 Bev. 
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these same particles would be produced in large intensities. The 
same is somewhat true to a lesser degree with the sigma particles. Dr. 
Haworth’s answers and mine are really quite consistent. I think this 
istrue. If we got on the side, I think we would both also agree that 
the real answers we are looking for are the ones we would not predict 
in advance. I am sure that the Stanford machine will provide much 
more valuable results than merely a measurement of the threshold and 
the production rates of the cascade particles. 

Representative Bares. You i dew’ t know what the total results would 
be from your experiments, but you have a certain feel of certainty ? 

Dr. Ramsey. It is possible to guarantee a minimum of new results 
that will be learned. Even the other phenomena which do not have 
thresholds above our energy, can be studied with interest to learn how 
these vary as a function of energy; this you can predict. However, 
I have been associated with the acelerator business long enough so 
that I am slightly amused when I read the reports of what will be 
discovered at the higher energies, because the really important dis- 
coveries are the ones never mentioned in advance. 

For example, the proposal 15 years ago for producing the higher 
energy cyclotron at Berkeley. It would have said nothing about pro- 
ducing the various kinds of mesons that are produced because it was 
not known that you could produce them. Pi mesons were not ex- 
pected to be produc ed. They were not known to exist. The really 
important payoff is the unpredictable. But there is predictable data 
too. 

I might skip on to a brief word pertaining to costs. There I don’t 
ant to say very much. You had a group of engineers reviewing it. 

I do feel from looking at it myself the cost estimates have been thor- 
oughly reviewed. They seem to be conservative, There is a relevant 
observation on this linear machine. I do believe it is one for which it 
is easier to make cost estimates than on my other kinds of accelera- 
tors. It is a more predictable nature. I think it is also true that any 
experimental device is a new venture and there is a certain amount of 
unpredictability in cost which I think has been pretty conservatively 
covered. However, you cannot guarantee it. 

One thing I think is worth pointing out, and that is even if you do 
miss the cost estimate which I hope and believe you won’t, in a cer- 
tain sense there is not as big a net cost difference to the Govern- 
ment as appears to be the case. It is more a matter of bookkeeping 
procedures in that the actual experience, and it shows in the esti- 
mates here, of most of the high-energy accelerators, is that the cost 
per year of building the accelerator is quite comparable to the cost 
per year of operating and doing research with it. 

It is also pretty general experience if the cost estimate goes up, the 
construction time goes up, and the time at which you start doing re- 
search goes up, and the dominant variation when there is a change in 
the cost estimate is actually a change at the time at which the re- 
search begins and a saving of one kind of money and a greater ex- 
penditure of another. As a matter of fact, as mentioned in the state- 
ment I think in some ways it would be an advantage, though far be it 
from me to suggest how the Government bookkeeping should be done, 
there would be some advantage if this change were a little more 
clearly recognized, so it would be somewhat easier to convert research 
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and operation money to construction money or vice versa. If, for 
example, it becomes apparent that things have been overly conserva- 
tive in the Stanford accelerator, and it can be in operation a year 
earlier than anticipated, in which case it will be certainly cheaper, 
I think it would be helpful if they could use the last bit of construe- 
tion money to get the machine in operation in a hurry. I don’t want 
to make much of a point on this, except to point out that the net cost 
to the Government is rather less varied in total than in construction 
alone. 

My only concluding remark on my own initiative was again one 
which has been stressed by others, and I am happy to say it again, my- 
self. Though I vigorously do support the Stanford accelerator, this, 
on is ‘by no means the only interesting research supported by the 
U.S. Government. I would hope very much, as has been urged by 
the President’s Committee, and others, that full support be given to 
the accelerators already in operation, already planned, and to other 
research which does not have the same cost. 

Representative Price. Thank you very much, Doctor. Are there 
any questions, Senator ? 

Senator HickenLoorer. You feel, professor Ramsey, that this ac- 
celerator, leaving out the question of cost entirely, will be definitely 
a great contribution to physics 

Dr. Ramsey. Absolutely; yes, sir. 

Senator Hicken.oorer. Do you feel that it is a needed develop- 
ment ? 

Dr. Ramsey. Yes. 

Senator HickenLoorer. And in the long run over the years that 
this accelerator will give us answers which will be vitally “needed in 
the development of science ? 

Dr. Ramsey. I do, indeed. 

Senator HicKENLooper. Of course, we have to balance from a 
practical standpoint the cost as against the anticipated results. If 
the reasonably anticipated results are very great, then the cost item 
settles itself only down toa matter of lesser significance. 

Dr. Ramsey. That is right. 

Senator HicKeNLoorer. That is, whether we are throwing money 
away needlessly on certain gadgetry or not, the basic cost becomes 
insignificant as far as the overall good is concerned. From my point 
of view, if this is a machine that is greatly needed and will contribute 
proportionately to the advancement of our knowledge, then I think 
the cost item is comparatively a minor matter. We can spend $100 
million on a battleship or a cruiser, $300 million on a nuclear carrier, 
which perhaps we need—I don’t say we don’t—but when one compares 
the cost of something like this w ith the cost of other things, we can 
well make the expenditure, I think, if the anticipated results seem to 
warrant. 

Dr. Ramsey. I think there is no question but what very important 
new information which cannot be gained in any other way will be 
obtained from this machine. 

Senator HickenLooprr. I have just one more question. From a 
broad standpoint of forging ahead in science in this field of physics 


do you think that this machine is essential? Would you say that 
it is an essential machine ? 
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Dr. Ramsey. I can really only answer this question 25 years from 
now after the machine has been completed, and I know for sure 
what has been discovered. But from anything I can anticipate in 
advance, I can say “Yes.” 

Senator HickENLoorerR. I understand that. When I use the word 
“essential,” I use it in a general way. It is essential that we have 
buildings in which to teach students. I suppose students could be 
taught under the tree if we had to do it. 

Dr. Ramsry Yes. 

Senator HickeNLoorer. We consider it essential to have adequate 
equipment in the schools to teach the students. We also consider 
certain housing conveniences to be essential and beneficial. So, in the 
broad sense, do you consider that this machine is essential to the 
advancement of science ? 

Dr. Ramsey. I do. 

Senator Hickenvoorer. I understand perfectly that you cannot pre- 
dict exactly what the machine will do, but there is enough scientific 
knowledge so that there is a great assurance that it will contribute at 
least at the moment immeasurably to our understanding of the be- 
haviors of matter and so on. 

Dr. Ramsey. That is correct. 

Senator Hicken.Loorer. Thank you. That is all. 

Representative Price. Mr. Bates. 

Representative Bares. Doctor, I want to say that, like yourself, I 
wish this had been planned to be built in the center of the world’s 
culture. 

Representative Price. Thank you for those kind remarks about my 
district. 

tepresentative Bares. I think you have made a very persuasive 
case, and I have been very much impressed by these witnesses. Do 
you think the plan outlined yesterday is correctly planned ? 

Dr. Ramsey. I regret to say I was not here yesterday. I have been 
in enough conversations with the various groups concerned that I 
think I know what the plan would be, and I would say “Yes.” I 
really cannot comment on that. 

Representative Price. Doctor, your complete statement will be 
included in the record. Wethank you. 

Dr. Ramsey. Thank you, sir. 

(The statement referred to follows :) 


STANFORD LINEAR ELECTRON ACCELERATOR 
Statement by Norman F. Ramsey, professor of physics, Harvard University 
I. INTRODUCTION 


For many years, one of the basic and most fruitful scientific studies has been 
the study of the nature of matter and of the particles of which matter consists. 
From these studies there have been immense practical applications whose value 
vastly exceeds the cost of the original research in the field. As examples of 
direct applications of such research, I need only mention the discovery and 
study of electricity during an earlier century and the practical development of 
atomic and fusion energy in more recent years. However, the indirect appli- 
cations arising from the technology developed in the course of such research 
have been of comparble importance. For example, the earliest digital electronic 
circuits that are now so widely used in computing machines, missile guidance 


Systems, etc., were first developed by nuclear physicists for use in their basic 
research. 
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The basic study of elementary particles has led to the need for accelerators of 
increased energy and, consequently and unfortunately, of increased cost. The 
need for the increased energy is a direct consequence of the nature of the 
problem and chiefly arises from the following two characteristics: (a) The 
need for high energies to disassociate and create the various elementary parti- 
cles, some of which live only extremely short times, and (c) the necessity of using 
particles of very short wavelength and hence of very high energy in order to 
be able to explore the internal nature of the extremely small elementary 
particles. 

In my opinion, the necessity for large and expensive accelerators is a very sad 
necessity which nature seems to be forcing upon scientists. For example, as a 
scientist I greatly regret the inevitable amount of time which so brilliant a man 
as Professor Panofsky will have to spend on administrative, financial, and red- 
tape problems with the proposed accelerator. On the other hand, I can assure 
you that the need for high energy and expensive accelerators is an essential 
characteristic of the basic problem and is not merely a desire on the part of 
Professor Panofsky or other scientists to spend large sums of money and to 
operate large Government-supported contracts. If, for example, it were possible 
to manufacture an accelerator costing only $1 million instead of $100 million 
which would produce the same kind of basic results but merely at a hundred 
times slower rate, I can assure you that such an accelerator would be greatly 
welcomed by me, and I am sure the same would be true of Professor Panofsky. 
Unfortunately, however, with only present knowledge or expectations, such a 
less expensive accelerator would simply not produce the same kind of informa- 
tion at all. At high energies it is possible to create elementary particle reactions 
that simply cannot occur at lower energies. 


II. FEASIBILITY 


I have studied the proposal for the proposed Stanford accelerator with care, 
and I am convinced that a device of this nature is feasible. In any completely 
new project of this nature, it is inevitable that many of the specific and detailed 
plans must be altered before the final construction is completed, due to new 
knowledge and experience gained. On the other hand, with such normal modi- 
fications, I see no reason that the proposed accelerator should fail. In fact, 
the nature of a linear accelerator is such that although the cost is high the 
device is basically simple in conception and avoids some potential difficulties 
which other accelerators have. 


III. DESIRABILITY 


In my opinion, the proposed linear accelerator fits in well with a rational 
national and international program of high energy research. At the present 
time there exists in operation no accelerator which is even moderately competi- 
tive with the one proposed. Most of the existing and proposed multi-Bev. accel- 
erators are for protons. Although for comparable energies electron accelerators 
and proton accelerators will ordinarily produce similar particles, the nature of 
the studies which can be carried out most effectively with the two categories 
of accelerators are quite different. An electron accelerator can provide infor- 
mation on the photoexcitation of elementary particle reactions, experimental 
data on the charge distribution and structure of nucleons, etc., which cannot be 
obtained from a proton accelerator, regardless of its energies. 

Of the accelerators currently planned or under construction, the one most 
nearly competitive with that proposed for Stanford, is the Cambridge electron 
accelerator, jointly sponsored by Harvard University and the Massachusetts 
Institute of Technology. This accelerator, with which I am associated, in my 
opinion gives promise of being an extremely interesting one scientifically. Even 
if the proposed Stanford accelerator were an exact duplicate of the Cambridge 
electron accelerator, I would welcome its construction, since we already see 
that one of our most difficult operating problems will be taking care of the huge 
demand for experimental time on this machine. However, the proposed accel- 
erator is quite different in nature from the Cambridge one, and it is quite certain 
that the two instruments will complement rather than compete with each other. 

It might appear logical that I should oppose the Stanford proposal since, on 
the completion of that project, I could no longer boast of being associated with 
the world’s highest energy electron accelerator. On the other hand, I am con- 
vinced that the Stanford accelerator will make important contributions to science 
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and I further believe that the two accelerators will complement each other in 
such a fashion that each in the presence of the other will contribute more valu- 
able information than it would if only one of the instruments existed. The two 
instruments differ in many ways, of which perhaps the most important is in 
energy. The Stanford accelerator was initially planned for approximately 15 
Bev. with the potentiality of perhaps eventually achieving 45 Bev. with the 
appropriation of additional funds. The Cambridge electron accelerator, on the 
other hand, is initially planned for 6 Bev., though with some additional future 
funds the energy could probably be raised to 7144 Bev. or higher. However, in 
no case could the energy be increased beyond 10 Bev. At energies of less than 
approximately 10 Bev. a circular accelerator can provide major financial savings 
by virtue of the fact that each radio frequency cavity can accelerate each particle 
many times, since the particles pass through the cavity each time they travel 
around the circle. On the other hand, with electrons at higher energies, a cir- 
cular machine becomes impractical due to the enormous loss of energy by elec- 
tromagnetic radiation. This radiation loss is proportional to the third power 
or the particle energy and the first power of the magnetic field. Consequently, 
at energies above 10 Bev. either enormous amounts of radio frequency power 
must be supplied or else the magnetic field must be so drastically reduced that 
the circle is of such a huge size that all economic advantages of the circular 
machine are lost. I know of no other practical way to produce electrons in 
the 10-45 Bev. energy region than with a linear accelerator similar to that 
proposed by the Stanford group. 

It is not possible to say exactly what new phenomena will occur at these 
energies which cannot be observed at lower energies. On the other hand, this 
lack of knowledge is one of the things which makes the proposed accelerator 
particularly interesting. Only with an instrument of this nature will we be 
able to obtain reliably the answer to the question. Certainly, a considerable 
amount of interesting phenomena can be reliably predicted; for example, the 
proposed energies are much greater than the energies required to produce pairs 
of all known elementary particles. These particles should be produced in 
pairs or in greater multiplicity at the proposed energies and studies of the 
production rates should offer great interest. However, in my opinion, the most 
exciting new phenomenon in this energy region will be discoveries which cannot 
be predicted by our present low energy information. The very unpredictability 
of the phenomena will make the information of particularly great value. 

In addition to their energy differences, the Cambridge electron accelerator 
and the Stanford accelerator will possess many other distinguishing features 
which will make one accelerator more suitable for certain experiments, while 
the other is more suitable for different experiments. Although we expect to 
have a strong external beam of electrons with the Cambridge electron accelera- 
tor, the problem of extracting the electron beam from the accelerator will be 
a more difficult and delicate one than in the case of the proposed Stanford 
accelerator where the electron beam is not normally trapped in a magnetic field 
and consequently there is no extraction problem. Similarly, the two accelera- 
tors will differ in duty cycle, beam focusing, energy definition, and other char- 
acteristics which will make one accelerator more useful for some categories 
of experiments, while the other is better for different experiments. 


IV. COST 


It is always difficult to make reliable cost estimates for an unprecedented 
new experimental device. On the other hand, it appears to me that the cost 
estimates for the proposed accelerator have been made as reliably and con- 
servatively as can be done in advance. Although I am distressed by seeing 
such a large sum of money spent on a single scientific instrument, in my opinion 
the expenditure is justified. Furthermore, I see no way by which the comparable 
scientific results could be obtained for significantly smaller expenditure. 

Although the novelty of the device necessarily leads to uncertainties in the 
cost estimates, I should like to point out that the uncertainty in the total cost 
to the U.S. Government is probably considerably less than the uncertainty in 
the construction costs. The general experience with high energy accelerators 
is that annual operating and research costs are quite comparable to the annual 
cost during the period of construction. Likewise, in most cases where the con- 
struction costs have exceeded expectations, the length of the construction period 
has been correspondingly increased, and the time at which the research and 





228 STANFORD LINEAR ELECTRON ACCELERATOR 


operating expenses were required has been similarly delayed. As a result in 
most such cases the total rate of expenditure has altered much less than the 
construction costs and the effect has primarily been that the accelerator has 
been available at a later date for scientific research. In my opinion, it would 
be wise if in this and similar projects these characteristics were more explicitly 
recognized and if a greater freedom were provided for converting research and 
operating funds to construction purposes and vice versa if such a conversion 
appeared wise both to the project director and to the sponsoring Government 
agency. Since there is strong scientific pressure on the project director to 
complete the instrument at the earliest possible date, he will inevitably do his 
best to achieve the economies that result from greater speed. I believe that 
if such an increased freedom were given to interchange research and operating 
funds on the one hand with construction funds on the other in the present 
proposal and in other accelerator projects, there would be an increase in the 
speed and efficiency of the projects, significant reductions of redtape and delays, 
and, in the long run, important savings of Government money. 


V. CONTINUATION OF OTHER RESEARCH SUPPORT 


While supporting the proposed Stanford accelerator, I should like to urge the 
importance of continuing full support of the research programs with the ac- 
celerators already in existence and under construction, and the support of other 
basic research not requiring high energy accelerators. Although I believe that 
the proposed accelerator will make important contributions which will fully 
justify the enormous cost, the need for full and effective support of the various 
research projects already planned or in progress should be clearly recognized. 

Representative Price. The next witness will be Dr. Rollefson, of the 
Midwestern Universities Research Association. I understand that 
you are accompanied by Dr. Symon, who appeared before our Re- 
search and Development Committee a little over a year ago, and gave 
us a little history of the MURA project. 


STATEMENT OF DR. R. ROLLEFSON, DIRECTOR, MIDWESTERN 
UNIVERSITIES RESEARCH ASSOCIATION 


Dr. Rotierson. That is right, sir. 

It is a pleasure for me, as a representative of the Midwestern Uni- 
versities Research Association, to have an opportunity to give our en- 
thusiastic support to the recommended authorization of the Stanford 
linear electron accelerator. The reasons for supporting this program 
have been so well and completely portrayed i in the report of the spe- 
cial panel appointed by the President’s Science Advisory Committee 
that I feel there is little of importance that I can add. However, 
since I have been asked for an independent statement, I shall take a 
few minutes to review what seem to me to be the most important 
points. 

In our expanding knowledge of nature, the field of high energy 
physics constitutes one of the most interesting and exciting frontiers. 
Explorations to date have shown a complexity which was unexpected, 
but have at the same time revealed regularities which indicate that an 
understanding of these complexities is within our reach. There are 
now three rather well defined directions in which it is clear that fur- 
ther investigation is necessary and will be rewarding. 

The first of these is in the further investigation of the numerous 
new particles which have been discovered during the last few years. 
These particles, nearly 30 in number, are produced so rarely and have 
such short lives that it has been exceedingly difficult to get any in- 
formation about them other than that they exist. On the other hand, 
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since they arise from energetic interactions of the particles of ordi- 
nary matter, an understanding of their nature and interactions can 
hardly fail to increase significantly our knowledge of ordinary matter, 
in addition to satisfying our curiosity about the particles themselves. 
There is rather general agreement among physicists that what is 
needed for the study of these particles is an accelerator which will 
produce them in abundance, that is, a high intensity proton accelera- 
tor in the 10- to 15-Bev. range. 

A second direction which is clearly marked is that of further ex- 
ploration of the structure of the nuclear particles, making use of high 
speed electrons as probes. This will be a continuation of the work 
which has been begun at Stanford. It will require a higher energy 
electron accelerator than exists at the present time. 

The third direction is that of ultra high energy interactions, with 
25 or more Bev. of energy available for the reaction. This direction 
is indicated, not by preliminary results which show a wealth of inter- 
esting and unexpected phenomena, but by the fact that, every time in 
the past that interaction energies have been increased by an order of 
magnitude, important unexpected results have been obtained. One 
could call this the field of greatest risk and at the same time greatest 
opportunity to find something new and startling. 

The proposed program at Stanford would cover the second of these 
three fields of investigation, that of exploring the structure of nuclear 
particles with what has been called a very high power electron micro- 
scope. The first field, the study of the nature of the recently discovered 
“strange particles” is one of the principal interests of the MURA 
program. 

At this point I would like to say that the Stanford proposal will also 
be effective in this region of exploring the nature of these strange 
a As a matter of fact, the increases in intensity which they 
1ave recently made will make their machine more effective than it 
would have been according to the original plans. So in this particular 
field there is an overlap between the two programs. 

The ultra-high-energy explorations could be carried out either with 
colliding beams of high speed particles as suggested by MURA, or 
by the development of more conventional one-way accelerators in the 
energy range of hundreds of Bev. 

It has been my purpose in this short statement to point out that 
the Stanford and MURA programs are not competitors in the 
scientific sense, but will rather complement one another and will give 
a more complete coverage of the high-energy field than would be 
possible with either munles alone. In my opinion, all three of the 
directions I have mentioned will have to be explored. The only ques- 
tions are: when, where, and how rapidly. I hope the answers will be: 
now, in the United States, as rapidly as our scientific resources permit. 

Representative Price. Doctor, will you tell us something about the 
MURA project, and where you stand on that? Have you reached any 
point where you might be ready to submit a proposal ? 

_ Dr. Rotierson. We are rather close to that point. At the present 
time we are completing the construction of an electron model which 
will be quite a substantial model. It will accelerate electrons to about 
35 million electron volts. It will accelerate them both ways in a single 
ring. It will enable us to stack very high currents of electrons. This 
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model will enable us to demonstrate in a practical way essentially 
all of the features of a large proton accelerator. We expect this to be 
completed—we still hope—by the end of the summer. I could not 
guarantee that. It is about 20 feet across, just to give an indication 
of how large a model it is, and the magnets are exceedingly compli- 
cated so it is taking a rather long time to build it. 

In the course of this work we are being supported very well as a 
development laboratory. It is our hope that when the developments 
are complete, we will be authorized to go ahead with the construction. 

Representative Price. You state that the Stanford linear accelera- 
tor and the proposed MURA accelerator which is still in the stage of 
development are not competitors. Do they complement each other? 
What would be the main difference between the two, if there is any 
substantial difference ? 

Dr. Rotierson. The Sanford accelerator uses electrons as the bullets 
to probe the nature of the nuclear particles. The MURA accelerator 
would use protons. The nature of interactions between electrons and 
nuclear particles and protons and nuclear particles is different, so it 
is important to have both types available. Asa matter of fact, in one 
of the kinds of experiments that the Stanford accelerator can do, the 
one that was emphasized particularly by Dr. Haworth yesterday; that 
is, probing the distribution of ¢ harge in the nuclear particle, the elec- 
tron is much more effective than the proton. I think it is fair to 
say that in producing the strange particles, the proton is more effective 
than the electron, especially if one can produce proton beams of higher 
intensity than the electron beams. So the two will do different things 
to best advantage. 

Representative Price. Do you think it is desirable to approve full 
authorization that has been estimated by the Commission of $105 mil- 
lion, or do you think that it might be better just to authorize the de- 
sign and engineering studies of the Stanford accelerator now? 

‘Dr. RoitErson. I agree with all the others who have testified here 
that it is important to authorize the whole amount. I think we of 
MURA have had considerable experience along this line, and we know 
how hard it is to attract and hold the best people when it is not sure 
what is going to happen. 

Representative Price. Do you have any later information on the 
Russian high energy physics program ? 

Dr. Rotierson. There are a couple of items that may be of interest. 
There is some evidence that they are making models of the MURA 
design. I mention this because the question came up yesterday, and 
there may have been some misunderstanding. I think the testimony 
yesterday was exactly correct, that there are no accelerators of large 
size making use of the MURA design. You perhaps have seen the re- 
lease of the Soviet E mbassy, on a machine using a spiral design mag- 
net. This is the type of magnet we built in model form in 1957. It 
is not clear from this release how large this particular Soviet machine 
is. But it is quite obvious, I think, that it uses the spiral magnet that 
MURA introduced several years ago. 

Representative Price. I think testimony was given on the MURA 
machine before this subcommittee some time ago yand you talked of a 
colliding-beam principle. Is there any information that the Rus- 
sians are experimenting with that or agree with that principle? 
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Dr. Rotterson. Dr. Symon has talked with Dr. Veksler of the So- 
viet laboratories on this, and I would like to have him answer this if 
that is all right. 

Representative Price. Dr. Symon, would you come forward? We 
are glad to have you before us again, Doctor. If you care to make a 
comment on the Stanford accelerator, we would be pleased to have it. 

Dr. Symon. I have no prepared statement, except to endorse the 
statement which Professor Rollefson made. I did have the oppor- 
tunity at the Atoms for Peace Conference last September to talk with 

Professor Veksler, who as you know is in charge of building the 10 
billion volt synchotron at Dubna. I asked him about reports that we 
had heard that the Russians were interested in colliding beam type 
accelerators, and he told me that there were two projects underway. 
One of them was to build an electron colliding beam accelerator, as 
far as I could judge almost identical with the model which is under 
construction at MURA. This was to be a 30-million volt two-way 
electron accelerator. It was being constructed, I believe, under the 
direction of Dr. Kolomenski who, incidentally, sent me a paper which 
he had written, in which he discovered apparently independently the 
two-way principle which was discovered by Dr. Okawa while he was 
working at MURA. 

I am not sure of the completion date, but I gathered from Dr. Vek- 
sler that it would take a period of several years from last September 
to finish it. 

There is another colliding-beam accelerator but I was unable to 
determine its character. It was a model to produce colliding-electron 
beams, but I don’t know the principle on which it was based. It was 
under construction, I think, at Dubna, and if I remember correctly it 
was under the supervision of Dr. Petukhov, but I am not sure. 

The third item is the one Dr. Rollefson mentioned, there is appar- 
ently a spiral sector cyclotron which has been constructed, according 
to the news release. 

Representative Price. Thank you very much, Doctor. 

Are there any questions? If not, thank you very much gentlemen. 
Weare glad to have your testimony. 

That will conclude the public hearings on this proposal. In closing 
I would like to thank the witnesses from the AEC, Stanford, and the 
other universities for their cooperation in this hearing. I would like 
to thank Dr. Welton, who heads the Oak Ridge Laboratory project, 
who acted as the consultant for the staff of the Joint Committee in pre- 
paring the hearing. Thank you. That concludes the public hearing. 

(Thereupon at 12:10 p.m., Wednesday, July 15, 1959, the hearing 
was concluded.) 

(Refer to app. 8, p. 640, for a letter dated July 15, 1959, from T. H. 
Johnson, vice president, Raytheon Manufacturing Co., commenting 
on the proposed Stanford accelerator.) 

( Also see app. 14, p. 648, for correspondence between the Commission 


and the committee on the subject of patents and royalties for accelera- 
tor components. ) 
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APPENDIX 1 


U.S. Atomic ENERGY COMMISSION. 
Washington, D.C., July 2, 1959 


Mr. JAMES T. RAMEY, 
Executive Director, 
Joint Committee on Atomic Energy 
Congress of the United States. 

DEAR Mr. RAMEY: The enclosed background material on high energy physics 
and the Stanford accelerator proposal may be of use to members of the Joint 
Committee in connection with the forthcoming hearings on S. 2073 and H.R. 


7464. 
Sincerely yours, 
A. R. LUEDECKE, General Manager. 


Enclosures : 
Report of the Advisory Panel on High Energy Accelerator dated 10/25/56. 
Supplement to the Report of the Advisory Panel on High Energy Accel- 
erator dated 9/11/58. 
Linear Electron Accelerator Construction Projects Data Sheet (see p. 4) 
Correlation Guide on Two-Mile Linear Accelerator, p. 273. 
(NoTeE.—The Stanford Proposal of April 1957 (p. 283), the Brobeck Review 
of the Stanford Proposal of June 1958 (p. 427), which was referred to in the Cor- 
relation Guide are also included in this appendix. ) 
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FOREWORD 


The National Science Foundation Advisory Panel on High Energy Accelerators was 
established in response to requests from the Department of Defense and the Atomic 
Energy Commission for a review of the status of the high-energy nuclear accelerator 
Situation in the U. S. It was felt that this review should be made by a group consisting of 
nuclear physicists with extensive experience in accelerator design and construction, 
physicists with special competence concerning the research potentialities in the high 
energy field, and physicists familiar with the broad field of physics. The panel met 
September 10, 11, 12, 1956 at the National Science Foundation and their report with 
observations and recommendations was submitted to the Foundation on October 25, 1956, 
It is believed that this report will be of value to all who are interested in the support and 
progress of research in this important field. 


The membership of the Advisory Panel was as follows: 


L. J. Haworth, Brookhaven National Laboratory, Chairman 
S. K. Allison, University of Chicago 

E. J. Lofgren, University of California, Berkeley 

W. K. H. Panofsky, Stanford University 

I. I. Rabi, Columbia University 

A. Roberts, University of Rochester 

F. Seitz, University of Illinois 

R. Serber, Columbia University 

M. White, Princeton University 

J. H. Williams, University of Minnesota 

J. R. Zacharias, Massachusetts Institute of Technology 


For part of the discussion period the Panel invited representatives of the Atomic 
Energy Commission (AEC), Department of Defense (DOD), and the National Science 
Foundation (NSF) to join the Panel. The AEC was represented by Dr. Thomas H. Johnson, 
Dr. Erwin F. Shrader, Dr. Donald Gilbert, and Dr. Charles E. Falk. The Office of the 
Assistant Secretary for Research and Development was represented by Mr. Earl G. 
Droessler, and Mr. Harry Harrison. The Air Force was represented by Lt. Col. James O. 
Vann, Col. Herbert F. Gagne, Dr. William J. Otting, and Mr. Raymond Heer. The Navy 
was represented by Dr. Randal M. Robertson, Dr. Shirleigh Silverman, and Dr. William 
E. Wright. The Army was represented by Dr. James B. Edson, and Lt. Col. James E. 
Hebbeler. The NSF was represented by Dr. Paul E. Klopsteg, Dr. C. E. Sunderlin, Dr. 
Raymond J. Seeger, Dr. J. Howard McMillen, and Dr. Robert R. Brown. 


Bla Tos Tiomen, 


Alan T. Waterman 
Director 
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REPORT OF THE ADVISORY PANEL ON 
HIGH-ENERGY ACCELERATORS TO THE 
NATIONAL SCIENCE FOUNDATION 


I. INTRODUCTION 


The subject of ultrahigh-energy accelera- 
tors has been reviewed in the light of 
developments since the Panel Report of 
May 2, 1954. Among the important develop- 
ments are: (a) the establishment of contact 
with Soviet scientists, (b) the accumulation 
of experience in the multi-Bev range at the 
Cosmotron and the Bevatron, (c) the de- 
velopment of the fixed field alternating 
gradient principle, and (d) various, as yet 
unexplored, suggestions of additional 
methods of particle acceleration. During its 
deliberations the Panel met with repre- 
sentatives of interested Government agen- 
cies who reviewed their respective pro- 
grams and plans. The Panel wishes to make 
the following observations and recommen- 
dations, including many drawn from the 
previous report. 


0. OBSERVATIONS ABOUT HIGH- 
ENERGY PHYSICS 


Significance of High-Energy Physics 
Research 


High-energy physics research is at this 
time one of the most challenging activities 
with respect to both its technology and its 
central importance in basic science. Its 
pursuit is necessary to an understanding 
of elementary particles which is, in turn, 
necessary to any real understanding of 
atomic nuclei. A great variety of new 
particles with most interesting properties 
has been discovered. These particles seem 
to have a set of complicated interrelation- 
ships, as yet but vaguely understood, to 
which are due the stability and other 
properties of atomic nuclei. It is not yet 
clear whether still other particles remain 
to be discovered. 


The importance of the field is perhaps 
best shown by the number of able scientists 
now working in it, both in this country and 
abroad. This represents a judgment thatthe 
field is both important and fruitful for basic 
science. The correctness of this judgment 
has been demonstrated by the results from 


43633 O—59——16 


the high energy accelerators now in opera- 
tion. A need for increasing the available 
facilities is demonstrated by the great de- 
mand for bombardment time at the two 
existing multi-Bev accelerators. Even 
though multi-Bev physics is barely three 
years old, there is already aseveral-years 
backlog of important experiments awaiting 
time on the accelerators. It is clear that 
this situation will become worse, even 
taking into account new machines now under 
construction. 


In addition to the direct scientific results, 
programs in this field yield many indirect 
technical benefits. Indeed, several develop- 
ments have led directly to new instruments 
and equipment of importance to industry 
and government in completely different 
scientific and technological fields. 


Present Position of the U. S. A. 


During recent years high-energy physics 
has become more of an international ac- 
tivity, as documented in Appendix 2. The 
number of high-energy installations abroad 
has increased significantly, notably in the 
USSR. Although at present the United States 
is leading in the number and diversity of its 
facilities and in the productivity of its re- 
search programs, the rate of Soviet progress 
has been such that this situation may not 
persist through the next decade. The peak 
energy of the high-energy machines will 
seesaw between the Soviet and Western 
installations; more importantly, the ap- 
parently unlimited government support and 
the high rate of production of qualified 
technical people of the Soviet educational 
system will contribute to relative enhance- 
ment of the Soviet position. 


The great scientific interest in and the 
prestige that attaches to this field of re- 
search makes it important for the United 
States to maintain its present position of 
leadership. This leadership can be pre- 
served best by maintaining a strong, well- 
balanced program rather than by adjusting 
the details of the work to specific develop- 
ments abroad. 
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Cost of the National Program in High- 
Energy Physics 


High-energy physics research is excep- 
tionally expensive; indeed, it is almost 
uniquely so in all the domain of pure 
science. The basic reason lies inthe nature 
of the fundamental atomic particles. To 
produce and study most of these requires 
very high accelerating potentials that can 
be achieved at present only by large and 
costly equipment. To high initial invest- 
ments must be added continuing costs, for 
operation and research and for improve- 
ments, that can be expected to duplicate the 
initial expenditures every twoto four years. 
Both the initial construction costs and thos: 
resulting from operations and from capitai 
improvements are too great for educational 
institutions and other private research or- 
ganizations to provide primarily fromtheir 
own funds. In consequence, intensive work 
in the field is made possible only by major 
Government support. 


The increased complexity and expense 
of major high-energy fac ilities make it 
mandatory to devote an increasing amount 
of time and effort to preliminary studies 
and design activities in order to assure 
economical and efficient results. The mag- 
itude of the effort required to initiate such 
new technological advances is so large as 
to necessitate comprehensive long-range 
programs, supported by long-term budgets, 
leading from the initial conception, through 
1 series of re-evaluations, to the possible 
end-result of a construction project. 


Thus the development, design, and con 
struction, as well as the effective utiliza- 
tion of the more advanced machines require 
large staffs of highly qualified, full-time 
scientific and technical specialists in num- 
bers well above the normal staffs of most 
institutions. Such requirements result in 
definite limitations on the number of in 
stitutions where the most advanced pro 
grams can be located. There is, therefore, 
a definite limit to the number of well- 
considered proposals that can be expected. 


If individual proposals by qualified groups 
be considered carefully in the light of 
criteria discussed later, and no overall 
limit is set, it is eStimated that by 1962 


construction of two to five machines in the 
3- to 12-Bev range and one or two studies 
and possibly construction projects in the 


range above i2 Bev would be committed. 


This would increase the annual rate of 
expenditure from a presently committed 
$40 million per year to an estimated $60 
to $90 million per year by 1962 (in terms 
of 1956 dollars). It includes an allowance 
for new construction, anticipated capital 
improvements, operation, and researchas- 
sociated with machines authorized. 


We do not extend our estimates beyond 
1962 because either the state of this branch 
of physics or accelerator technology may 
have changed in an important way by that 
time. We believe, however, that the pres- 
sure for increased expansion of effort in 
the field will not continue indefinitely. 


Question of Diversified Support 


High-energy physics, as any other branch 
of science, will benefit, if its support is 
diversified in the sense that several agen- 
cies, motivated in somewhat different ways, 
provide funds and contracts for construc 
tion, Operation, and experimentation. In 
turn, the individual agencies will benefit 
from their direct contact with the work. Each 
agency has an important direct and specific 
interest in the science and technology of this 
field as well as a responsibility for main- 
taining the overall strength of this country 
in basic science. We believe that the 
scientific staff of each agency will benefit 
by being cognizant of activities in this field 
and will reflect the experience acquired into 
more effective work in the other activities 
of the agency. 


ll. PANEL RECOMMENDATIONS 


In view of these facts the Panel recom- 
mends that: 


1. The Government continue active sup- 
port of high-energy physics, including 
the design, construction, and opera- 
tion of and experimentation with high- 
energy accelerators. 


2. The Department of Defense, the Atomic 
Energy Commission, and the National 
Science Foundation, which have im- 
portant responsibilities for the pro- 
motion or utilization of science and 
technology, each engage directly in 
the support of high-energy physics; 
in particular, that the Department of 
Defense and the National Science 
Foundation extend their support inthis 
field to maintain important positions. 
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3. Adequate support be given to existing 
research programs in this field. 


4. Planning for the support of high- 
energy accelerators anticipate an an- 
nual rate of expenditure in this field 
of $60 to $90 million per year by 
1962; large as it is in comparison 
with national nuclear research budgets 
of a few years ago, this rate never- 
theless is believed necessary to main- 
tain a program adequate to our national 
needs. 


5. The need for accelerators of avariety 
of characteristics be recognized. The 
most important parameters are 
energy, intensity, and kind of particle. 
In situations where a choice is to be 
made, it is usually better to extend 
the range of these important para- 
meters than to increase the number 
of functionally similar accelerators. 


6. Adequate support be givento research 
and development pointed toward new 
types of accelerators. It is especially 
recommended that efforts be made to 
continue to extend the energy limit. 


7. No fixed general policy be made with 
regard to the location of new accel- 
erators at individual universities, 
national laboratories, or other re- 
search establishments; but that each 
proposal be reviewed on its merits 
with due regard to the research that 
will be done, the stimulation to science, 
and the opportunities for training. 


IV. IMPLEMENTATION OF RECOM- 
MENDATIONS 


The following observations may be helpful 
in the implementation of the foregoing 
recommendations: 


Support of Existing Accelerators 


In emphasizing the need for additional 
accelerators, we do not mean to lose sight 
of the urgent need to strengthen the support 
of existing accelerators. The costs of a 
high-energy research program can be 
grouped into the ‘continuing’ and the ‘un- 
usual’. Among the continuing costs are the 
operating and maintenance costs of the 
accelerator proper, the cost ofthe research 
program proper, and the cost of general 
services. Among unusual costs are items, 
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such as (a) large scale improvements of the 
machine proper, such as extention of its 
energy, additional shielding, modification 
of research space, and beam extraction, 
and (b) single research instruments of high 
unit cost. It should be noted that the need 
for such unusual costs usually reflects 
experience gained from successful prior 
operation of the accelerator, and cannot be 
foreseen intelligently at the time of design 
of the accelerator. 


Important Accelerator Parameters 


The attainable energy is not the only 
parameter defining the utility of a machine 
in high-energy physics. Among other ma- 
chine properties differentiating the various 
machine types are (a) type of particle ac- 
celerated, (b) beam geometry, suchas beam 
diameter, divergence, and purity, (c) duty 
cycle and pulse length, (d) beam intensity, 
and (e) ease of shielding. The design of 
experiments, the information derivable, and 
in particular the data rate achievable are 
highly dependent on these parameters. Ex- 
perience has shown that progress in physics 
depends both on exploratory experiments 
at high energy and low data rate (and 
therefore, in general, of poor accuracy), 
and on quantitative measurements at high 
intensity. Appendix 3 lists the various 
parameters of the machines constructed. 
It is clear that an optimum program would 
demand that the energy as well as other 
machine parameters be chosen to achieve 
a large degree of diversity. 


Criteria for Support 


All proposals for major support of high- 
energy facility studies, design, and con- 
struction programs should be subject to 
intensive review and analysis by the staffs 
of the Government agencies and by groups 
of experts in the field. Criteria of im- 
portance are: 


1. Need for the particular facility in the 
national high-energy program in 
existence and in prospect at that time. 


2. Qualifications of the scientific per- 
sonnel making the proposal. 


3. Strength of support available fromthe 
institution making the proposal. 


4. Anticipated research productivity in 
relation to the expenditure of money 
and manpower. 
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5. Contribution to the training of scien- 
tific and technical personnel. 


6. Assurance of administrative arrange- 
ments which permit easy access by 
competent scientists from other or- 
ganizations; geographical proximity 
to such scientists. 


Need for Accelerator in the Mid-West 


It is regrettable that no multi-Bev ac- 
celerator in operation or under construc- 
tion is readily accessible to the large 
numbers of competent physicists in the 
Mid-West. It is important that this defi- 
ciency be remedied by appropriate facili- 
ties. 


Development Studies 


The development of plans for a machine 
of new design is in itself a costly under- 
taking which has, however, independent 
value. Frequently, the institution where such 
development is centered is notabletocarry 
the costs for developing such plans without 
outside support. For this reason, we believe 
that serious consideration should be given 
to proposals for support in any of the fol- 
lowing categories: 


1. Theoretical and experimental studies 
in new methods of particle accelera- 
tion. 


2. Studies on 
bearing on 
utilization. 


technological 
accelerators 


problems 
and their 


3. Design studies on specific accelerator 
programs, including model tests, 
which would lead to a formal proposal 
for construction. 


4. Proposals for 
construction. 


Specific accelerator 


Studies of New Accelerator Methods 


There may be new methods of accelerating 
particles based on cooperative phenomena, 
such as plasma effects, and the self-mag- 
netic fields of circulating beams. These 
possibilities were pointed out at the 1956 
CERN Symposium by some members of the 
Soviet group; similar possibilities had also 
been pointed out by physicists in this coun- 
try and in Great Britain. It is premature to 
say whether a practical accelerator will 
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come out of this work. Pursuit of studies 
along these lines would, however, be worth 
while both because they might lead to the 
possibility of inventing a new and useful 
type of accelerator--e.g., one that would 
extend the practical energy limit--and be- 
cause they might have value in other fields. 
There is, however, no real hope that some 
new invention will come along that will re- 
duce the expense of high-energy nuclear 
physics by a large factor since a large 
fraction of both the construction and op- 
erating costs goes into components and 
services that are independent of the ac- 
celerator itself. 


Training of Scientists 


There is an intimate connection between 
high-energy machines and the training of 
young scientists and technical personnel. 
Work in this field gives specialized expe- 
rience in research aimed at possibly the 
central question of physics today, andtrain- 
ing in the application of the new techniques 
developed. Possibly no other field offersas 
good a demonstration of the intimate in- 
terrelation between science and engineer- 
ing. 


The training offered by high-energy in- 


Stallations falls into the following cate- 
gories: 
l. The training of graduate students 


under appropriate supervision. 


2. The post-Ph.D. training of young re- 
search people to broaden their ex- 
perience prior to assuming larger 
responsibilities. 


3. The training of engineering personnel 
in advanced techniques useful to in- 
dustry. 


It should be noted that the training func- 
tion of these machines partly offsets the 
manpower drain imposed by their con- 
struction, e.g-, at present more than 100 
students per year receive their Ph.D. de- 
grees on research problems involving nu- 
clear machines. 


Despite the obvious training value of 
these machines, the large investment and 
operating cost of the most advanced ma- 
chines make it difficult for a student to take 
a major responsibility for a research 
problem at the largest machines; rather his 
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role there must be that of assistant to the 
more experienced research personnel. The 
closest relation between student and in- 
structor and the best experience for the 
student in the planning of a _ research 
project is obtained primarily in activities 
not involving the most expensive instru- 
ments. 


Requests for Support 


Projects involving major accelerator 
construction may originate in very different 
ways. At one extreme, a project evolves 
from a new idea in accelerator technique; 
such a project is necessarily associated 
with the person or group originating the 
idea. At the other extreme is the desire to 
place expanded accelerator facilities at a 
given laboratory, university, or other in- 
stitution; in this case the question is posed: 
“What accelerator will best fit the needs 
if placed at ----?*' This desire can arise 
from the scientists who wish to use the 
accelerator in the future or from decisions 
based on considerations of institutional or 
regional need. 


There is ample evidence that accelera- 
tor activities generated by either method 
have led to successful high-energy physics 
research; there is no reason to doubt that 
this will be true in the future, since there 
is a large unsatisfied need for high-energy 
research facilities. 


However, if the total number and sizes 
of well-justified requests exceed the bounds 
of possible support, then care must be taken 
that the selection of proposals is not such 
as to prevent scientific and technical ad- 
vances. Any limitation on the number of 
institutions participating in high-energy 
physics research will reduce the total rate 
of progress in the field; to prevent the 
technology from extending the range of 
important parameters (energy, current, 
and kind of particle) would eventually deny 
access to an entirely new field of inquiry. 


Table I outlines the steps in accelerator 
construction that appear logical tothe Panel 
from the technical point of view. Existing 
and fully authorized acceleratorsinthe U. S. 
are included. (A complete list, including 
those outside the U. S., is given in Ap- 
pendix 2.) We believe that, if the program 
for new machines must be limited, first 
priority should be given to those programs 
which give early promise of extending the 
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important accelerator parameters to new 
ranges--electron accelerators in the 15 
Bev region or above, high intensity proton 
accelerators at approximately 6 Bev and 
above, and developments intended to extend 
appreciably the available proton energies. 
Machines for these purposes need extensive 
engineering development, orbit studies, or 
models (cf. Table 1) before construction can 
begin. The next priority should be given to 
constr:.ction of machines that will provide 
badly needed increased facilities in fields 
of proven fruitfulness and that can be built 
more rapidly than can those of first pri- 
ority; these include low intensity proton 
accelerators at energies above 6 Bev and 
high intensity machines below 6 Bev. 


Future development on the basis of a 
scheme such as this would represent a plan 
for assuring scientific progress on a broad 
front in reasonable steps. Beyond this, there 
is certainly reason to consider additional 
installations which in the sense of this list 
are duplications; their jusitification would 
rest on the need for an overall rate of 
progr.ss, as well as the importance of the 
accelerator facility to the particular in- 
stitution or region in the light of the national 
picture. 


We present this table and statement of 
priority in case budget problems may re- 
..re choices among otherwise well justified 
lternatives. We suggest that this table be 
reviewed carefully and point out that in time 
such ordering will necessarily require 
modifications. In particular, once a high- 
current machine in a given energy range 
has become possible at comparable cost 
to a low current machine, the merit for the 
low current machine will become very 
small. 


Respectfully Submitted, 


S. K. Allison, University of Chicago 

E. J. Lofgren, University of California 
Radiation Laboratory 

W. K. H. Panofsky, Stanford University 

I. I. Rabi, Columbia University 

A. Roberts, University of Rochester 

F. Seitz, University of Illinois 

R. Serber, Columbia University 

M. G. White, Princeton University 

J. H. Williams, University of Minnesota 

J. R. Zacharias, Massachusetts In- 
stitute of Technolcgy 

L. J. Haworth, Brookhaven National 
Laboratory, Chairman 
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APPENDIX | 
SIGNIFICANCE OF HIGH-ENERGY PHYSICS 


The main advances in the understanding 
of physics come in rare large steps, such 
as Newton's mechanics and Einstein's rela- 
tivity. The last such step was the develop- 
ment of quantum mechanics. At present we 
are facing a situation which seems to indi- 
cate and demand another major advance in 
our understanding of the physical world. 


Quantum mechanics was able to explain 
in great detail the building up of an atom 
from its constituent nucleus and electrons, 
and, less completely, the building of the 
nucleus from its particles. It left un- 
answered the question of the nature of the 
particles themselves, and this question re- 
mains the central problem of physics today. 


The work which has been done with 
cosmic rays and high-energy accelerators 
in the last few years has not solved this 
problem, but rather has greatly developed 
and enlarged it, by demonstrating the ex- 
traordinary richness and multiplicity of 
the system of seemingly basic particles. 
Most of the newly discovered particles 
were not foreseen by any existing theory. 


A true advance in our understanding of 
the nature of elementary particles is not yet 
in sight; our knowledge of them is in fact 
still fragmentary. High-energy accelera- 
tors are the primary tools for acquiring 
such knowledge; this is a major reason for 
the importance of such machines to physics 
today. 


A SYNOPSIS OF HIGH-ENERGY PHYSICS 


Experimentation on synchrocyclotrons of 
energies up to 400 Mev led, first, to infor- 
mation on the forces between nucleons, and 
to modele describing the interaction between 


high-energy nucicons and nuclei. It became 
clear that the nuclear to:ce problem de- 
pended for its understanding on a knowledge 
of the more fundamental interaction between 
the mesons and nucleons. Further investi- 
gations determined the properties of the 
™-mesons and their scattering by nucleons. 
Simultaneously information about mesons, 
especially their electromagnetic interac- 
tions, was being obtained with synchrotrons. 


Cosmic -ray evidence proved the existence 
of a variety of strange particles, both heavy 


mesons and heavy nucleons. The unique 
identification of these particles (including 
the discovery of new ones) and studies of 
their properties have been proceeding 
rapidly with the aid of the Cosmotron and 
Bevatron. The information is largely pre- 
liminary and incomplete. A limited sort of 
ordering and understanding of the new 
particles has been based on general sym- 
metry properties, most successfully, the 
conservation of isotopic spin. There has been 
active speculation on the role of other sym- 
metries, such as charge conjugation and 
parity. 


The multi-Bev machines have also ex- 
tended the nucleon and 7-meson scattering 
work to high energy. This has stimulated 
significant theoretical advances in the treat- 
ment of meson field theory. The multiple 
production of 7-mesons which was expected, 
but not described, by the theory was also 
observed. 


Experiments on the Stanford linear ac- 
celerator gave information on the size and 
structure of nucleons, an advance made 
possible by the ability to probe small 
distances by the use of very energetic -- 
and therefore short-wavelength--electrons. 


The Bevatron demonstrated the existence 
of the anti-nucleons, and confirmed the 
hypothesis of charge-conjugation symmetry. 
Further experimefits indicated anomalous 
interactions of these particles with ordi- 
nary nucleons, raising a whole new set of 
questions. 


There is no basis on which to judge 
whether additional new particles would be 
discovered by still higher-energy machines. 
There is not even a conviction that this 
would be the mast interesting phenomenon 
that might appear. Phenomena which can 
be anticipated, and whose analysis would 
have an important bearing on our present 
questives, are the multiple-production 
processes of all types of known particles. 
A general principle indicates that investi- 

ation of shorter end shorter distances 
possibly to the point where this concept 
might lose meaning) requiree shorter and 
shorter wavelengths, and thus higher and 
higher energies. The limitations of funda- 
mental concepts such as that of space, or of 
well-established theories such as electro- 
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dynamics, can be sought in the high-energy 
domain. 


It has only very rarely been possible to 
predict the field where an accelerator in- 
Stallation will have its maximum impact. 
The rate of progress of this field, on the 
one hand, and the difficulties of machine 
technology, on the other, have been so great 
that almost always the scientific picture 
has changed significantly during the time 


of construction of an accelerator facility. 
We must consider the foregoing outline of 
the areas which might be explored in the 
energy region above that presently acces- 
sible as illustrative only. The main justifi- 
cations for further exploration are our 
ignorance as to the source from which a 
solution to our present incomplete under- 
standing would originate, and our past ex- 
perience ofthe richness of this field interms 
of new phenomena. 
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APPENDIX 2 
STATUS OF MULTI-BEV ACCELERATOR ACTIVITIES 


At this time there are only twoaccelera- 
tors in regular operation as physics re- 
search tools at energies well above | Bev; 
both of them are located in the United 
States--the Brookhaven Cosmotron (3 Bev 
protons) and the Berkeley Bevatron (6.2 
Bev protons). These machines are carrying 
on intensive research programs of unusual 
productivity, but the demand for operating 
time exceeds the capacity of these machines 
by a large factor. One of the reasons for 
this demand is that the energy of these 
machines overlaps the lower energy range 
of cosmic rays and the intensity and other 
factors are so much more favorable that 
many physicists have shifted their interest 
from cosmic rays to accelerator physics. 


In addition to these two machines op- 
erating well above the 1-Bev figure, several 
presently operate at energies near | Bev-- 
the Birmingham proton synchrotron (900- 
Mev protons, UK), the Cornell synchrotron 
(~ 850-Mev electrons, USA), the Bolshoya 
Volga synchrocyclotron (680-Mev protons, 
USSR), the Stanford linear accelerator 
(~650-Mev electrons, USA), and the syn- 
chrotron at the California Institute of Tech- 
nology (6 Bev electrons, USA). The Uni- 
versity of California proton synchrocyclo- 
tron is approaching operation in this region 
after being rebuilt to increase its energy. 


As a result of the successful operation 
of the above machines, in combination with 
the unusual interest of the results obtained 
and the obvious shortage of available op- 
erating time, many additional installations 
are under construction, in design, or being 
considered. A list of suchactivities follows. 
This list, Table Il, includes machines for 
which the completion date can be estimated; 
machines for which the parameters are 
fairly definitely established, but which have 
not been commited for construction; and 
thirdly, studies being carried out where 
even the machine type has not been deter- 
mined. Although activities ‘under consid- 
eration’ have been included, the list cannot 
hope to be complete in this respect. 


This table documents the intense and 
international interest in the field of high- 
energy physics and indicates the need for 
extensive communication. In addition to 
comparing the status of various accelera- 
tors, it might be instructive to compare 
methods, design principles, administrative 
procedures, etc., in various countries with 
the hope of learning possible improvements. 


Among observations concerning opera- 
tions in different countries one might list: 


1. The existence of large cooperative 
laboratories (CERN, Geneva; Brook- 
haven National Laboratory, U.S.) has 
not made multi-Bev installations un- 
necessary at collaborating institutions 
but has stimulated them. 


2. The high-energy program inthe United 
States is distinguished by the wide 
distribution and diversity of interest 
of its centers. 


3. The high-energy installations in the 
USSR are in general witness to the 
following facts: (a) nearly complete 
disregard for economy of construction 
and emphasis on rapid construction 
schedules; (b) quick administrative 
decision in the initiation of activities 
in this field. 


We are impressed by the speed with which 
the Soviet effort in this field is progressing. 
At this time the United States is leading in 
high-energy physics, both as to number and 
diversity of facilities as well as to the total 
productivity and originality of the research 
program. However, the Soviet work in this 
field appears to represent an all-out effort, 
and is backed by apparently unlimited gov- 
ernment support; in particular, the quality 
and quantity of physicists and engineers 
involved in the program is very high. These 
facts, in combination with the high rate of 
production of qualified technical talent of 
the Soviet educational system, cause us to 
believe that the Soviet and United States 
positions in this field will become com- 
parable in the next decade. 
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APPENDIX 3 
TYPES OF ACCELERATORS AND FUTURE LINES OF DEVELOPMENT 


An accelerator is intended to produce a 
beam of high energy particles, usually 
or electrons. To perform an ex- 
periment, this beam, is directed against a 
target. The experiment may consist of 
observing the secondary particles produced 
in the target; such experiments include 
those on the production and properties of 
K-mesons, hyperons, and anti-nucleons. Ac - 
celerators that produce well-defined beams, 
homogeneous in energy, with a useful duty 
cycle, and preferably outside the accelera- 
tor (external beams), are desirable for such 
experiments. Ifthe intensity of the accelera- 
tor beam is sufficient, the secondary par- 
ticles produced may themselves constitute 
a beam whose interaction with a secondary 
target can be studied; such experiments 
are extremely valuable in elucidating the 
nature of the particles produced. 


protons 


New developments in accelerator tech- 
nology are of primary importance if they 


extend the range of energy or intensity 
available for experiment. Other factors 
of secondary importance are duty cycle, 


beam geometry, and so on. Since increases 
in energy lead us into hitherto unexplored 
areas, they are perhaps the most important 
Single line of advance. 


An important consideration is that in a 
collision between two particles the variety 
of possible interactions is determined, not 
by the energy of the incident particle as 
measured in the fixed laboratory system, 
but rather by the available energy in the 
center of mass system. Figure | plots the 
relationship between these energies for a 
system of one fixed and one moving proton 
and another of a fixed proton and a moving 
electron. It is seen that to achieve a given 
available energy requires a significantly 
higher incident energy--in a ratio that in- 
creases with the energy scale. When the 
target proton (or neutron) is bound within 
a complex nucleus, the situation is altered 
by internal (Fermi) motion of the nucleons 
and the available energy varies statisti- 
cally. The figure also illustrates a few 
thresholds of current interest. There is, 
of course, a host of others, extending in- 
definitely in energy, that correspond to 
various multiple particle production 
processes. In a complex nucleus the effec - 
tive thresholds are lowered appreciably 
e.g. ~15% at 6 Bev) by the Fermi motion. 


It is seen that to increase the available 
energy by a large amount over machines 
now in construction would require very high 
accelerator energies. For example, an 
accelerator of 100 Bev would be required 
to achieve 12 Bev of available energy inthe 
center of mass system. Energies of this 
order, or even higher, may perhaps be 
reached directly by building much larger 
accelerators of ‘‘conventional’’ kinds, but 
they would be very expensive. Other pos- 
sible approaches will be mentioned later. 


Increases of intensity also lead us into 
unexplored territory by making events or 
processes observable which are too rare 
to be investigated with weaker beams; 
therefore they must also be vigorously 
pursued. The most important recent de- 
velopment in accelerator technology, and 
one whose implications are not yet fully 
explored, would, if successful, lead to 
large increases. This is the fixed-field 
alternating-gradient (FFAG) principle dis- 
covered by Symon and developed and elab- 
orated principally by the Midwestern Uni- 
versity Research Association group 
(MURA). If successful, this development 
would make possible higher beam currents 
in several types of accelerators. 


The FFAG principle 


is at present in 
process of theoretical and experimental 
investigation. No practical accelerator 


using it has yet been built, but model work 
is in progress. It is important that the 
development should proceed as early as 
possible to a large working model in order 
to place the whole FFAG development on a 
firmer foundation. The accelerators which 
will become feasible, should the FFAG 
development proceed as expected, are in- 
cluded in Table III. Each of the machines 
in this list would open up new regions by 
yielding hitherto unprecedented beam in- 
tensities (some of them producing radia- 
tions on the megawatt level). 


lf high intensity FF AGaccelerators above 
10 Bev can be built, there is the possibility 
of producing reactions which would require 
a single accelerator of quite impractical 
size to duplicate. This would be achieved 
by allowing intense beams from two equal 
energy machines to ‘‘collide’’ so that the 
center of mass of two interacting particles 
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would be at rest and the sum of their 


kinetic energies would be available. (At 
intensities available in present machine 
types, the number of interactions would 


be too small to observe.) Thus, by means 
of high intensities in the individual ac- 
celerators, a center of mass energy 
equivalent to that of a very high energy 
single accelerator would be produced, 
though at very low effective intensities. It 
should be pointed out, however, that the two 
methods result in quite different sjtuations 
from the standpoint of experiments. The 
energy distribution of the various resulting 
particles will be quite different in the 
laboratory system. Furthermore, there may 
be practical difficulties in making obser- 
vations with the colliding beam technique; 
certainly the primary interaction cannot be 
directly observed. Thus this approach and 
the direct approach to ‘‘colossal’’ energies 
offer different sets of advantages and li- 
abilities. Since increased energy is most 
important, it is justifiable to press on 
vigorously along both paths. 


Electron and proton accelerators yield 
rather different kinds of fundamental in- 
formation; both have proved valuable. Thus, 
higher energy accelerators for both elec- 
trons and protons are desirable. Because 
of the phenomenon of radiation loss pecul- 
iar to circular electron accelerators, the 
highest electron energies (above 7 - 10 
Bev) are practically attainable only from 
linear accelerators. 


The acceleration of particles heavier 
than protons has a certain interest, but 
mainly in other fields of science than 
particle physics. The FFAG accelerators, 
and some existing types, can be adapted 
to accelerate heavier particles, frequently 
without great difficulty. 


It has long been realized that the sizes 
of present accelerators are defined by the 
maximum magnetic field attainable with 
practical devices or by the maximum elec- 
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‘ric fields which can be maintained in a 
vacuum. Frequent efforts have been made 
to push these parameters to higher mag- 
nitudes; all attempts fall essentially into 
the following three classes: (a) the use of 
pulsed magnetic fields to obtain transient 
high values of magnetic field; (b) the use 
of discharges to maintain a large magnetic 
field not limited by the properties of ordi- 
nary materials; (c) the use of ‘‘cooperative 
phenomena"’, namely the processes by which 
many electrons are made to combine their 
energies to transfer it, Say, to one proton. 


Many attempts on the first method have 
been made, but none of them has been 
notably successful. It is clear that ma- 
chines based on pulsed magnetic fields 
may possibly result in reduced-size in- 
struments, but will certainly not push the 
energy limits of such machines beyond 
their present boundaries. 


Uses of gas discharges and cooperative 
phenomena have been proposed at various 
times. The first such proposal, to the best 
of our knowledge, is due to Thoneman in 
England; more detailed proposals have 
recently been made by Budker and Veksler 
at the 1956 CERN Symposium. It is common 
to all such proposals that the gap between 
theory and practical realization is large, 
since it appears to be exceedingly difficult 
to predict quantitatively all phenomena in 
gas discharges. Intensive experiments on 
these subjects are clearly indicated. How- 
ever, it would be very unwise to base any 
planning on the success of such attempts. 
It is our opinion that unless such devices, 
in addition to producing a workable ac- 
celerator, also push the limits of current 
and voltage attainable with such machines 
beyond those presently attainable, the pre- 
sent size and cost of accelerator installa- 
tions will not be materially affected. 


The following table shows the existing 
and contemplated kinds of accelerators. 
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ABLE III .-- ICS OF HIGH ENERGY MACHINES 
Field Weak 
ng Linear 
¢ - " elerator 
Bev 10 - very higt to very 0 to Xk 
roton roton Electron 
é s -6é -5 »o-7 
un; 1 - 1 any 1c amp. 1 amp. 
107? protons/pluse 1 electrons 
per pulse 
2 2 2 
reased 
oF 1 1 p 30 c.p.s € 60 c.p.8 
4 eam May be 1 1 - 0.01 per Depends on beam 
ameni ng ar per cent ent above 1 Bev programming. Can 
per cent. be 0.1 per cent 
Easy Possible Easy 
External beam External proton Internal electror 
4ifficult beam of high beam available at 
eam quality. External straight sections. 
neutron beam. Cost External X-ray beam 
relatively high of good quality. 
€ 1,3,6 Bev ion Operating 68 Mev Operating 1.2 Bev 
on 10 Bev Bev Study 1 Bev Design 7 Bev (AG 
Bev - + 
w: 5O Bev 





FFAG 


Easy with internal 
target. Possible but 
difficult with external 
beam. 





Easy with internal 
target. Possible with 
external beam. 


internal Possible. 
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beam should 


oie. 


External beam should 
be possible. 


External beam should 
be possible. 
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September 11, 1958 


Dr. Alan T. Waterman, Director 
National Science Foundation 
Washington 25, D. C 


Dear Dr. Waterman: 


At your request, the Advisory Panel on High Energy Accelerators was recently 
reconstituted to bring up to date the studies and recommendations last reported on 
October 4, 1956. Because of the inability of a few members of the earlier panel to 


serve again at this time, the composition was somewhat different than in 1956. The 
present members are: 


L. Anderson, The University of Chicago 

. R. Crane, University of Michigan 

. T. Feld, Massachusetts Institute of Technology 

. J. Lofgren, University of California Radiation Laboratory 
. 1. Schiff, Stanford University 

. Seitz, University of Illinois 

. Serber, Columbia University 

M. G. White, Princeton University 

R. R. Wilson, Cornell University 

L. J. Haworth, Brookhaven National Laboratory, Chairman. 


Dyrmore 


A meeting was held at the National Science Foundation on August 7 and 8 with all 
members present. After resurveying and thoroughly discussing the present national 
and world-wide situation in this field, the Panel decided that its 1956 recommendations 
and discussions are still basically valid. Consequently, our report, which is attached, 
is in the form of a supplement to the 1956 report. Our general recommendations, which 
we believe constitute a logical basis for national policy, have been restated with ap- 
propriate modifications to bring them up to date. In a subsequent section, we have 
expressed some of our views concerning the implementation of those recommendations. 
Since developments in this field have led to ever-larger machines so that individual 
projects now represent significant expenditures in money and technical effort even on 


a national scale, we have included more specific recommendations and suggestions than 
heretofore. 


We trust that the present report will prove useful. We shall be happy, of course, 
to assist in any further way that you may desire. 


Respectfully submitted for the Panel: 


Leland J. Haworth, 
Chairman 


Attachment 
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REPORT OF ADVISORY PANEL ON HIGH ENERGY ACCELERATORS 


I. INTRODUCTION 


The subject of ultra-high energy ac- 
celerators has been reviewed in the light 
of developments since the Panel Report of 
October 25, 1956. The Panel believes that, 
with appropriate modifications and addi- 
tions to bring them up to date, its previous 
recommendations and suggested implemen- 
tations continue to form a sound basis for 
national policy in this field. Accordingly, 
the present paper will be in the form of 
a supplement to that of 1956. 


A number of developments during the 
intervening period have influenced our 
deliberations. 


(1) The accumulation of experience in 
the multi-Bev range at the Bevatron, 
the Cosmotron and other accelera- 
tors has enriched our knowledge and 
increased the promise of the fruit- 
fulness of the field. 


(2) Extensions of the basic accelerator 
parameters have increased in scien- 
tific importance and in technical fea- 
sibility; the scientific need is matched 
by a body of qualified research per- 
sonnel which, experience indicates, 
will continue to exceed the capacity 
of the presently authorized accel- 
erators. 


(3) Developments in the high energy field 
have proceeded rapidly abroad. In 
Western Europe, the CERN synchro- 
cyclotron is in full-fledged operation; 
the Saclay proton synchrotron has 
been completed; the CERN proton 
synchrotron and the Orsay linear 
accelerator are nearing completion; 
and the Harwell 8 Bev proton syn- 
chrotron and numerous smaller ma- 
chines are under design and con- 
struction. 


The USSR Has continued to demon- 
strate its determination to forge ahead 
in this field. In the 10 Bev proton 
synchrotron at Dubna, they have the 
highest energy accelerator yet com- 
pleted. The 7 Bev strong focussing 
proton synchrotron in Moscow and 
the linear electron accelerator at 


Kharkov are nearing completion. A 
site has been chosen for a 50 Bev 
alternating gradient pulsed syn- 
chrotron. 


(4) The authorization of the Argonne ac- 
celerator and the continued inflation 
have increased the future financial 
requirements for accelerators al- 
ready committed to an estimated $60 
to $80 million per year. Our esti- 
mate of this level has been increased 
somewhat by fuller realization of the 
constantly recurring requirements for 
substantial improvements and addi- 
tions to existing installations. 


(5) The cost of individual programs con- 
tinues to grow with increased ac- 
celerator size and experimental com- 
plexity. Future installations will cost 
annually from $5 million for the 
smallest to as much as $25 million 
for the largest. Consequently, rea- 
sonable advances in the program in 
the next five years would bring the 
total rate to a level in excess of $100 
million and probably to the neighbor- 
hood of $150 million per year. 


Although no important new technical ideas 
have been brought forward, there has been 
substantial progress in the understanding 
of basic accelerator phenomena and in 
exploiting those phenomena. The important 
technical developments of the last two 
years include the following: 


(1) Comprehensive and careful studies 
have adequately demonstrated the fea- 
sibility of extending to very high 
energies the linear method of ac- 
celerating electrons. 


(2) Further study and successful electron 
model experiments at MURA have 
demonstrated the basic workability 
of two types of fixed field alternating 
gradient (FFAG) synchrotrons. 


(3) The Ohkawa method of producing col- 
liding beams within a single FFAG 
accelerator has been explored and 
an electron model is being con- 
structed. 
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4) The use of storage rings has in- 
creased in attractiveness anda prom- 
ising colliding beam experiment of 
basic scientific as well as technical 


importance has been proposed, using 
500 Mev electrons. 


5) Further exploration has reduced the 
hopes that useful accelerators can 
be developed through the use of co- 
operative phenomena such as plasma 
effects the self-magnetic fields 
of circulating beams. 


and 


(6) Further experience, the prospect of 
higher energies, and the potentialities 
of colliding beams have increased 
the need fot improved methods of 
beam analysis and particle detection. 


(7) The multiplicity of data in hand and 
in prospect have led to increased 
need for and substantial development 
toward adequate data reduction and 
analysis methods. 


Il. GENERAL RECOMMENDATIONS 


Recognizing the basic soundness of its 
previous recommendations and taking cog- 
nizance of more recent developments, the 
Panel recommends that: 


1. The Government continue active sup- 
port of high energy physics, including 
the design, construction and operation 
of, and experimentation with high 
energy accelerators. 


The Department of Defense, the 
Atomic Energy Commission, and the 
National Science Foundation, which 
have important responsibilities for 
the promotion or utilization of science 
and technology, each engage directly 
in the support of high energy physics; 
in particular, that the Department 
of Defense and the National Science 
Foundation extend their support in 
this field to maintain important posi- 
tions. (The Panel regretfully notes 
that the previously recommended ex- 
tension of support by the DOD and the 
NSF has not yet been implemented.) 


™ 


3. First priority be given tothe financial 
support of the present program, which 
it is estimated will cost from $60 to 
$80 million per year by 1963. 
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4. National planning anticipate new fa- 


cilities which will raise the total 
annual expenditure for high energy 
physics to upwards of $100 million 


and probably to the neighborhood of 
$150 million in the next five years. 
Though substantially higher than the 
estimates of two years ago, this rate 
is believed to be both necessary to 
maintain an adequate national pro- 


gram and feasible in terms of na- 
tional resources. 
5. The need for accelerators of a va- 


riety of characteristics continue to 
be recognized. The most important 
parameters are energy, intensity, and 
kind of particle. In situations where 
a choice is to be made, it is usually 
better to extend the range of these 
important parameters thanto increase 
the number of functionally 
accelerators. 


similar 


6. Adequate support be givento research 
and development pointed toward new 
types of accelerators. 


7. No fixed general policy be made with 
regard to the location of new ac- 
celerators at individual universities, 
national laboratories or other re- 
search establishments; but that each 
proposal be reviewed on its merits 


with due regard to the research that 
will be done, the stimulation to 
science, and the opportunities for 
training. 


Ill. IMPLEMENTATION OF GENERAL 
RECOMMENDATIONS 


The Panel reaffirms its previous sug- 
gestions for implementing its recommen- 
dations and notes with gratification the 
many positive steps that have been taken. 
The following additional suggestions and 
discussion may be helpful. 


Extension of Parameters 


The first priority in expanding the ac- 
celerator program should be to extend 
the parameters of our machines to produce 
electrons and protons of very high energy 
and to produce high currents of electrons 
and protons. The scientific purposes to 
be served can be stated with some def- 
initeness. 
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The prime problem of high energy phys- 
ics continues to be the understanding of 


elementary particles and the basic natural 
laws. 


One aspect of the problem is to learn 
the properties and systematics of the va- 
rious particles. This purpose would be 
served by a moderate energy high current 
proton machine. It would produce for study 
‘strange’’ particles in large numbers; 
it might also lead to the identification of 
new particles which, for reason of rarity 
or of unfavourable characteristics, are 
difficult to find. 


There is another aspect of the problem 
which may be equally relevant to its solu- 
tion. This concerns the structure of the 
particles. Something has already been 
learned of the structure of the nucleon, 
and one would expect that the pi meson 
and the multiplicity of other strange new 
particles also possess structures. The 
very high energy machines can be de- 
scribed as intended to explore such struc- 
tures. This may be done by probing to 
very small distances (e.g., with high energy 
electrons) or by violent disruptions of the 


structures (e.g., with high energy protons 
or electrons). 


A similar problem arises when one 
considers weakly interacting particles. 
High energy-electron scattering has a like 
purpose, and could constitute another step 
in the long development of our understand- 
ing of electromagnetic phenomena. 


We have described the confidently antic - 
ipated purposes of the various types of 
new machines. The history of physics 
suggests that the unanticipated discoveries 
may be no less important. 


In view of these goals and the state of 
the accelerator art, the following lines 
of development seem most important. 


1. Ultra-High Energy Electron Accel- 
erator: The AEC, NSF and DOD have 
before them a proposal from Stan- 
ford University for an electron linear 
accelerator of ultimate energy be- 
tween 30 and 45 Bev which moreover 
produces very high currents. The 
Panel believes that the proposal is 
scientifically and technically sound 
and recommends that this accelera- 
tor be built as soon as possible. 


2. Very High Intensity Proton Acceler- 
ator: Such an accelerator in the 3 to 
10 Bev range would be a valuable 
addition to the complex of accelera- 
tors in the United States and ap- 
propriate techniques seem to be 
available. However, no actual pro- 
posal is sufficiently advanced to war- 
rant commitment at the present time. 
Encouragement should be given to 
the development of suitable proposals 
for such a machine.! 


tor: The center of mass energy of 
the Brookhaven and CERN proton 
synchrotrons will be about 6 Bev. 
It would be possible to extrapolate 
their design principle to give another 
factor of, say, three in center of 
mass energy (about 200 Bev labora- 
tory energy). Although expensive, it 
may eventually be worthwhile to build 
an accelerator of this type. The Panel 
recommends no action at this time, 
noting that there is no proposal be- 
fore any of the Government agencies. 


3. Ultra-High Energy Proton Accelera- 


4. Clashing Beams: The attainment of 
high center of mass energies by the 
clashing beam technique seems to 
be an attractive possibility, and to 
represent the only possible scheme 
for making a very large step in 
center of mass energies. The Panel 
believes that this important idea 
should be actively pursued. However, 
the attractiveness must not obscure 
the very real technical difficulties 
of building such an accelerator and 
the equally great difficulties in de- 
vising experimental techniques ap- 
propriate to it. The difficulties have 
been noted in the ‘‘Summary of Out- 
side Technical Review of the Second 
MURA Proposal’’. 





The Panel recommends that before 
such a large-scale undertaking as 
that proposed by MURA be embarked 
upon, certain steps should be taken 
at MURA and other interested labora- 
tories. These include: 


(a) Full interpretation of the per- 
formance of electron models. 
‘It should be noted that the machine currently proposed by 
MURA could be used as a single beam accelerator of very high 
intensity at 15 Bev. However, the specific method was chosen 
for its applicability to clashing beams (see below) and is more 
complex and much larger and costlier than would be necessary 
for single beam purposes alone. 








(b) Serious consideration of building 
a colliding beam proton ma- 
chine of a few Bev. 


(c) Extensive study of alternative 
methods such as storage rings 
and, if and when deemed fea- 
sible, by an installation at an 
appropriate proton accelerator. 
{An actual installation is not 
meant to be a necessary ante- 
cedent to a large clashing beam 
accelerator.) 


a 


The Stanford-Princeton collid- 
ing electron beam experiment 
using storage rings and an exist- 
ing linear accelerator. 


(e) Simultaneous development of ex- 
perimental methods and detect- 
ing devices for use with clashing 


beams. 


5. New Acceleration Methods: It is very 
important that the search for new 
methods of guiding and accelerating 
particles should continue. However, 
it must be noted that no such de- 
velopments are near realization at 
the present time. 


Detection and Data Reduction Methods 


Hand in hand with accelerator advances 
must go the development of new techniques 
for beam analysis, particle detection and 
data reduction. The development and con- 
struction of equipment for these purposes 
is both difficult and expensive, demanding 
ingenuity and effort comparable to the de- 
velopment of the accelerators themselves. 
It is essential to encourage and support 
major efforts aimed at the augmentation 
of existing techniques in these fields. 


Efficient Utilization of Available Talents 


Many of the important accelerator ad- 
vances of recent years have come from 
the ideas and work of the MURA group. 
Continued progress in these developments 
(e.g., the FFAG and colliding beams) is 
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strongly dependent on the continuation and 
intensification of the MURA program. Con- 
sequently the Panel urges that the MURA 
group be supported on a continuing basis 
with the funds and facilities necessary for 
its participating intensively in the de- 
velopr-ent, construction and operation of 
accelerators. 


In contrast to the major developments 
in accelerators proper, which are in- 
creasingly concentrated in a few places, 
the basic scientific ideas and discoveries 
continue to come preponderately from the 
scientists of many universities. For this 
reason, and in view of the great impor- 
tance of training future scientists, it is 
important that University scientists have 
access to appropriate facilities. Unfor- 
tunately, although generous cooperation has 
been extended by each center, the capacity 
of their machines is limited. Consequently, 
while support of the present program and 
development of advanced accelerators 
should continue to have the first and second 
priorities respectively, it is to be hoped 
that there will be room also for a few ad- 
ditional conventional accelerators in the 
hands of single or small groups of uni- 
versities. Such groups should take ad- 
vantage of well established designs and 
the aid of the experienced groups to build 
machines with a minimum of effort and 
expense. 


Respectfully Submitted, 


H. L. Anderson, 
Chicago 

H. R. Crane, University of Michigan 

B. T. Feld, Massachusetts Institute of 
Technology 

E. J. Lofgren, University of California 
Radiation Laboratory 

L. 1. Schiff, Stanford University 

F. Seitz, University of Illinois 

R Serber, Columbia University 

M. G. White, Princeton University 

R. R. Wilson, Cornell University 

L. J. Haworth, Broo«haven National 
Laboratory, Chairman 


The University of 


September 5, 1958 
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APPENDIX 


Specific developments since the i956 
report are such as to warrant revising and 
bringing up to date the tables appended to 
that report. Such revisions are attached. 
Since the discussions of the 1956 appen- 
jlices are still generally applicable, and 
since the major progress has been re- 
ported above, the textual material has 


not been rewritten even though obsolete 
in minor ways. 


There is, however, one important de- 
velopment not discussed in the 1956 report, 
namely, the use of storage rings for pro- 
jucing colliding beams. This approach would 
itilize two intersecting d.c. ring magnets 

store high energy particles which are 
injected into the rings from appropriate 
accelerators, i.e., synchrotrons or linear 
accelerators. When sufficient stored beam 
intensities have been reached, secondary 
interaction products from the constantly 


colliding storage beams can hopefully be 
»bserved. 


Although difficult, this method seems 
technically feasible, at least insome cases. 
Storage of the particles in the well defined 
beams from a Linac seems straightfor- 
ward. Capturing the more diffuse beams 
from a synchrotron is much more diffi- 
cult but sufficiently promising to warrant 
intensive efforts. 


As in any colliding beam device, the 
effective intensities would, of course, be 
very low and the background problems 
great. The problems of arranging effec- 
tive experiments would be similar to those 
for a colliding beam accelerator such as 
that proposed by MURA. 


One definite proposal has been made 
for the use of storage rings using electrons 
from the Stanford 700 Mev Linear Ac- 
celerator. 








258 STANFORD LINEAR ELECTRON ACCELERATOR 


= 
iz 
q 
| 
me: 7 = 
® 
| 
1 j 
A 4 
j 4 > 
| = 
eentssentninonl 
A 
= 
4 
j 4 j j 
4 4 
OC ccnamsemssstensem 
2 





STANFORD LINEAR ELECTRON ACCELERATOR 259 


3 0 3 @ 
3 : 
— 3 —~ 2 a ~ 4 4 3 —~ ~" 
by a ; 
Y xy v 
a ao L Q a .. 
™“ wy —= ad -_ “ . ) . 
ya G Ss - aos 
: q gS 3 4 
Ss @ q = = 
+ 4 Re = & 
ge @ a “4 @ * 
=. o N >} & 
c = 4 <= E x - 
0 4 = ; i“ 
oO oo @ u a 2qeg3gdqd& 
fe > z : < he + ) 5 § 
x ~“ 4 ; 4 g 3 
A a = 1 . “4 a a“ 
g 2 @ « 7 OY e 3; as a 
» @ Y YQ » Y y g v : 
ft & 
2. Day & =e & ~ a ss ~ 2. v 
‘ . x 
Q, & 3 
- > 6 
be a 
& i a 
= gS . 2 
F - tak FF. 3 
+ f > > 4 a 
a go + 3s @ 3 4 o 
t be a b ' be u 
, . - 7 i e 
+ + + = y 7 + - v v & 
- ; r a Sa + 
a ” a ” mn” 4 Ral > ” 2 Y 
P| s S 3 S = Ss -* ke . 
E E PaEE? & Sq = 33 
+ + 3 » - v : 
- 4 4 a > - « 7 
as 1 &e 



























A9g SY-ST : pecod , IZTSad put IOT TOF pBorqy 
u 14} % - : e *}* 
+B. AW IOT}ONI Su y nr snz8y 
° 180 
e 1T [BU 
< sume eA TNDTIITG 
oo : FU. } JITP aq It 
fa uoJ Ts ad Tm191%7 Amu weeq TeUuIa1 xT SY IBUS} 
i 
Oo e, 1 x AZ18 J 
oO AYTTTqByTsBy 
< 
@ tad T°9 3a 
4 m™ Su Tums 301d Aad T BA0cae 4UA wer mI} o0eds 
2 juao sed 2~ uweeq uo spuedag aad T°o T°C T°O 209 B12 9uy 
u 
oO ; orm 
a ) q a . > = 
tz) sd I T T s-d 1 T°O uoTi Ti eday 
; 
_— 
x 
pasBarloUutT aq uTB< atTok 
tT I r AT , AT 
oe IO, a4 = a 2-01 X 9 uweeg 4 
<a 
3 Tnd ad I { 
Gg) Ss } astnd /suojzoid 
7, FUOIYOITA 54( a8T suo jord T zt - ..0T @ABIBAY 
_ {ure T - I Jure t- dor - OT squaring weeg 
J 5 L ge ai , ¢ Ur >~O OT alin oq 
Q TA 100} O9T u0j01d uo0zyoOId uojyold payBsraTaooy 
o] eTo 
“ eTOT WB 
~ 
oo 
Zz * 21 , 
< 
i 
N 
‘1 Lt > 3 101 
. oT BaUT] wo ny pte 
pte str 
SANIHOWN XOWANT Ht i TMALOVUVHO~-*ITI ATV 


260 






FFAG 


mas 





STANFORD 





4 
’ ' - 
: = 
a) 4 
2 - 
' 
uy 
os 
p> 
4 
2 
4 : 


LINEAR 


»? - 





1 t, 2 . 
+a Re 
a 
= 
yh b 
73 oa 
oY > 
i 
a 
> ‘ 
~ 
~ 
4 4 
9 d 
i x 
5 2, 





ELECTRON 





% 
oy 
0 re 
. 
Q, DO 
> a) 
= 
> al 
S cS 
7\ 4 
b+ ¢ ‘ 
“4 > fom 
cS 
+4 4 @ 
a ~ 
5 = 
—- 
Sih 
n Gu 
By Cy 


a< 
4 | 
oO ¢ 
4 = 
bo + 
» © a 








ACCELERATOR 











sg” @ 3a3 

9S >s& sar 

ao @ S 

wes 404 

+4 ~ 
q 

~s a og - 

< s = 





y oO 


si 





aT 
beam 





a . 
4+4 ww 
Ig gj 9 

& & @ 

o 
a2 





> 
14> 
a 2 

a t 


Ii 














261] 





STANFORD LINEAR ELECTRON ACCELERATOR 





BROOKHAVEN NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES. INC 
UPTON. L N.Y REFER 


ANK 4. 6262 


September 11, 1958 


r. Alan T. Waterman, Director 
National Science Foundation 


Washington 25, D. Ce 
ear Dr. Waterman: 


At your request, the Advisory Panel on High Energy Accelerators was 
recently reconstituted to bring up to date the studies and recommendations iast 
reported on October 4, 1956. Because of the inability of a few members of the 
earlier panel to serve again at this time, the composition was somewhat different 
than in 1956. The present members are: 





H. L. Anderson, The University of Chicago 

R. Crane, University of Michigan 

. Feld, Massachusetts Institute of Technology 

. Lofgren, University of California Radiation Laboratory 
. Schiff, Stanford University 

» Seitz, University of Illinois 

e Serber, Columbia University 

« White, Princeton University 

« Wilson, Cornell University 

« Haworth, Brookhaven National Laboratory, Chairman, 


Ho + 


y=) 


z 
. 
ao DO 


he 
A meeting was held at the National Science Foundation on August 7 and 8 
with all members present. After resurveying and thoroughly discussing the present 
national and world-wide situation in this field, the Panel decided that its 1956 
recommendations and discussions are still basically valid. Consequently, our 
report, which is attached, is in the form of a supplement to the 1956 report. 
Our general recommendations, which we believe constitute a logical basis for 
national policy, have been restated with appropriate modifications to bring them 
up to date. In a subsequent section, we have expressed some of our views con- 
cerning the implementation of those recommendations, Since developments in this 
field have led to ever-larger machines so that individual projects now represent 
Significant expenditures in money and technical effort even on a national scale, 
we have included more specific recommendations and suggestions than heretofore, 


We trust that the present report will prove useful, We shall be happy, 
of course, to assist in any further way that you may desire. 


Respectfully submitted for the Panel; 


Leland J. Haworth, 
Chairman 


Attachment 
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REPORT OF ADVISORY PANEL ON HIGH ENERGY ACCELERATORS 


I_— INTRODUCTION 


The subject of ultra-high energy accelerators has been reviewed in the 
light of developments since the Panel Report of October 25, 1956, The Panel 
beliéves that, with appropriate modifications and additions to bring them up to 
date, its previous recommendations and suggested implementations continue to 
form a sound basis for national policy in this field, Accordingly, the present 
paper will be in the form of a supplement to that of 1956. 


A number of developments during the intervening period have influenced 
our deliberations, 


(1) The accumulation of experience in the multi-Bev range at the Bevatron, 
the Cosmotron and other accelerators has enriched our knowledge and 
increased the promiseof the fruitfulness of the ficld,. 


(2) Extensions of the besic accelerator parameters have increased in 
scientific importance and in technical feasibility; the scientific 
need is matched by a body of qualificd research personnel which, 
experience indicates, will continue to excecd the capacity of the 
presently authorized accelerators, 


(3) Developments in the high energy field have proceeded rapidly abroad, 
In Western Europe, the CERN synchrocyclotron is in fullefledged opcra-~ 
tions the Saclay proton synchrotron has been completed; the CERN 
proton synchrotron and the Orsay linear accclerator are nearing 
completion; and the Harwell 8 Bev proton synchrotron and numerous 
smaller machines are under design and construction. 


The USSR has continued to demonstrate its detcrmination to forgé 
ahead in this ficld, In the 10 Bev proton synchrotron at Dubna, 
they have the highest cnergy accelerator yet complcted, The 7 
Bev strong focussing proton synchrotron in Moscow and the lincar 
electron accelerator at Kharkov are nearing completion, A sitc 
has been chosen for a 50 Bev alternating gradicnt pulsed 
synchrotron, 


(4) The authorization of the Argonne accelerator and the continued 
inflation have increased the future financial requirements for 
accelerators already committed to an estimated $60 to $80 million 
per year. Our estimate of this level has been increascd somewhat 
by fuller realization of the constantly recurring rcquirements for 
substantial improvements and additions to existing installations, 


(5) The cost of individual programs continucs to grow with incrcascd 
accelerator size and expcrimental complexity, Future installations 
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will cost annually from $5 million for the smallest to as much as 
$25 million for the largest, Consequently, reasonable advances in 
the program in the next five years would bring the total rate to a 
level in excess of $100 million and probably to the neighborhood 
of $150 million per year. 


Although no important new technical ideas have been brought forward, 


there has been substantial progress in the understanding of basic accelerator 
phenomena and in exploiting those phenomena. The important technical develop- 
ments of the last two years include the following: 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


Comprehensive and careful studies have adequately demonstrated the 


feasibility of extending to very high energies the linear method 
of accelerating electrons. 


Further study and successful electron model experiments at MURA 
have demonstrated the basic workability of two types of fixed 
field alternating gradient (FFAG) synchrotrons,. 


The Ohkawa method of producing colliding beams within a single 
FFAG accelerator has been explored and an electron model is being 
constructed. 


The use of storage rings has increased in attractiveness and a 
promising colliding beam experiment of basic scientific as well as 
technical importance has been proposed, using 500 Mev electrons, 


Further exploration has reduced the hopes that useful accelerators 
can be developed through the use of cooperative phenomena such as 
plasma effects and the self-magnetic fields of circulating beams. 


Further experience, the prospect of higher energies, and the 
potentialities of colliding beams have increased the need for 
improved methods of beam analysis and particle detection. 


The multiplicity of data in hand and in prospect have led to 


increased need for and substantial development toward adequate 
data reduction and analysis methods, 


It = GENERAL RECOMMENDATIONS 


Recognizing the basic soundness of its previous recommendations and takin 


cognizance of more recent developments, the Panel recommends that: 


1. 


The Government continue active support of high energy physics, including 
the design, construction and operation of, and experimentation with 
high energy accelerators, 
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2. The Department of Defense, the Atomic Energy Commission, and the 
National Science Foundation, which have important responsibilities 
for the promotion or utilization of science and technology, each 
engage directly in the support of high energy physics; in particular, 
that the Department of Defense and the National Science Foundation 
extend their support in this field to maintain important positions. 
(The Panel regretfully notes that the previously recommended extension 
of support by the DOD and the NSF has not yet been implemented.) 


3. First priority be given to the financial support of the present 
program, which it is estimated will cost from $60 to $80 million 
per year by 1963. 


4. National planning anticipate new facilities which will raise the 
total annual expenditure for high energy physics to upwards of 
$100 million and probably to the neighborhood of $150 million in the 
next five years, Though substantially higher than the estimates of 
two years ago, this rate is believed to be both necessary to maintain 
an adequate national program and feasible in terms of national resources, 


5. The need for accelerators of a variety of characteristics continue to 
be recognized. The most important parameters are energy, intensity, 
and kind of particle. In situations where a choice is to be made, 
it is usually better to extend the range of these important parameters 
than to increase the number of functionally similar accelerators, 


6. Adequate support be given to research and development pointed toward 
new types of accelerators, 


7. No fixed general policy be made with regard to the location of new 
accelerators at individual universities, national laboratories or 
other research establishments; but that each proposal be reviewed 
on its merits with due regard to the research that will be done, the 
stimulation to science, and the opportunities for training. 


III -~ IMPLEMENTATION OF GENERAL RECOMMENDATIONS 


The Panel reaffirms its previous suggestions for implementing its 
recommendations and notes with gratification the many’ positive steps that have 
been taken. The following additional suggestions and discussion may be helpful. 


Extension of Parameters 


The first priority in expanding the accelerator program should be to 
extend the parameters of our machines to produce electrons and protons of very 
high energy and to produce high currents of electrons and protons. The 
scientific purposes to be served can be stated with some definiteness. 


The prime problem of high energy physics continues to be the under- 
standing of elementary particles and the basic natural laws. 
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One aspect of the problem is to learn the properties and systematics 
of the various particles. This purpose would be served by a moderate energy 
high current proton machine. It would produce for study “strange particles in 
large numbers; it might also lead to the identification of new particles which, 
for reason of rarity or of unfavourable characteristics, are difficult to find. 


There is another aspect of the problem which may be equally relevant to 
its solution. This concerns the structure of the particles. Something has 
already been learned of the structure of the nucleon, and one would expect that 
the pi meson and the multiplicity of other strange new particles also possess 
structures. The very high energy machines can be described as intended to explore 
such structures, This may be done by probing to very small distances (e.g., with 
high energy electrons) or by violent disruptions of the structures (e.g., with 
high energy protons or electrons). 


A similar problem arises when one considers weakly interacting particles, 
High energy-electron scattering has a like purpose, and could constitute another 
step in the long development of our understanding of electromagnetic phenomena. 


We have described the confidently anticipated purposes of the various 
types of new machines, The history of physics suggests that the unanticipated 
discoveries may be no less important. 


In view of these goals and the state of the accelerator art, the 
following lines of development seem most important. - 


1, Ultra-High Energy Electron Accelerator: The AEC, NSF and DOD have 
before them a proposal from Stanford University for an electron 
linear accelerator of ultimate energy between 30 and 45 Bev which 
moreover produces very high currents, The Panel believes that the 
proposal is scientifically and technically sound and recommends 
that this accelerator be built as soon as possible. 


2. Very High Intensity Proton Accelerator: Such an accelerator in the 
3 to 10 Bev range would be a valuable addition to the complex of 
accelerators in the United States and appropriate techniques seem 
to be available. However, no actual proposal is sufficiently 
advanced to warrant commitment at the present time. Encouragement 
should be given to the development of suitable proposals for such 

a machine. 


3. Ultra-High Energy Proton Accelerator: The center of mass energy of the 
Brookhaven and CERN proton synchrotrors will be about 6 Bev It would 
be possible to extrapolate their design principle to give another 
factor of, say, three in center of mass energy (about 200 Bev 





2)5- should be noted that the machine currently proposed by MURA 


could be used as a single beam accelerator of very high intensity 
at 15 Bev, However, the specific method was chosen for its 
applicability to clashing beams (see below) and is more complex 
and much larger and costlier than would be necessary for single 
beam purposes alone. 
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laboratory energy). Although expensive, it may eventually be worthwhile 
to build an accelerator of this type. The Panel recommends no action 

at this time, noting that there is no proposal before any of the 
Government agencies. 


Clashing Beams: The attainment of high center of mass energies by the 
clashing beam technique seems to be an attractive possibility, and to 
represent the only possible scheme for making a very large step in 
center of mass energies. The Panel dDelieves that this important idea 
should be actively pursued. However, the attractiveness must not 
obscure the very real technical difficulties of building such an 
accelerator and the equally great difficulties in devising experi- 
mental techniques appropriate to it. The difficulties have been 
noted in the “Summary of Outside Technical Review of the Second MURA 
Proposal", 


The Panel recommends that before such a large-scale undertaking 
as that proposed by MURA be embarked upon, certain steps should be 
taken at MURA and other interested laboratories, These include: 


(a) Full interpretation of the performance of electron models. 


(b) Serious consideration of building a colliding beam proton 
machine of a few Bev. 


(c) Extensive study of alternative methods such as storage 
rings and, if and when deemed feasible, by an installation 
at an appropriate proton accelerator. (An actual 
installation is not meant to be a necessary antecedent 
to a large clashing beam accelerator.) 


(d) The Stanford-Princeton collidins electron beam experiment 
using storage rings and an existing linear accelerator, 


(e) Simultaneous development of experimental methods and 
detecting devices for use with clashing beams. 


New Acceleration Methods: It is very important that the search for 
new mevhods of guiding and accelerating particles should continue. 
However, it must be noted that no such developments are near 
realization at the present time, 


Detection and Data Reduction Methods 


Hand in hand with accelerator advances must go the development of new 


techniques for beam analysis, particle detection and data reduction. The 
development and construction of equipment for these purposes is both difficult 
and expensive, demanding ingenuity and effort comparable to the development of 


the 


r 


accelerators themselves. It is essential to encourare and support major 


efforts aimed at the augmentation of existing techniques in these ficlds, 
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Efficient Utilization of Available Talents 


Many of the important accelerator advances of recent years have come 
from the ideas and work of the MURA group. Continued progress in these develop- 
ments (e.g., the FFAG and colliding beams) is strongly dependent on the continu~ 
ation and intensification of the MURA program. Consequently the Panel urges that 
the MURA group be supported on a continuing basis with the funds and facilities 
necessary for its participating intensively in the development, construction and 
operation of accelerators. 

In contrast to the major developments in accelerators proper, which 
are increasingly concentrated in a few places, the basic scientific ideas and 
discoveries continue to come preponderately from the scientists of many 
universities. For this reason, and in view of the great importance of training 
future scientists, it is important that University scientists have access to 
appropriate facilities. Unfortunately, although generous cooperation has been 
extended by each center, the capacity of their machines is limited. Consequently, 
while support of the present program and development of advanced accelerators 
should continue to have the first and second priorities respectively, it is to be 
hoped that there will be room also for a few additional conventional accelerators 
in the hands of single or small groups of universities, Such groups should take 
advantage of well established designs and the aid of the experienced groups to 
build machines with a minimum of effort and expense, 


Respectfully Submitted, 
H. L, Anderson, The University of Chicago 
H. R. Crane, University of Michigan 
B. T. Feld, Massachusetts Institute of Technology 
E. J. Lofgren, University of California Radiation Laboratory 
L. I. Schiff, Stanford University 
F. Seitz, University of Illinois 
R. Serber, Columbia Universi 
M. G. White, Princeton University 
R. Re Wilson, Cornell University 


lL. J. Haworth, Brookhaven Nationa} Laboratory, Chairman 


September 5, 1958 
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APPENDIX 


Specific developments since the 1956 report are such as to warrant 
revising and bringing up to date the tables appended to that report. Such 
revisions are attached. Since the discussions of the 1956 appendices are 
still generally applicable, and since the major progress has been reported 
above, the textual material has not been rewritten even though obsolete in 
minor ways. 


There is, however, one important develcpment not discussed in the 
1956 report, namely, the use of storage rings for producing colliding beams, 
This approach would utilize two intersecting d.c. ring magnets to store high 
energy particles which are injected into the rings from appropriate 
accelerators, ise., synchrotrons or linear accelerators. When sufficient 
stored beam intensities have been reached, secondary interaction products 
from the constantly colliding storage beams can hopefully be observed. 


Although difficult, this method seems technically feasible, at 
least in some cases. Storage of the particles in the well defined beams 
from a Linac seems straightforward. Capturing the more diffuse beams from 
a synchrotron is much more difficult but sufficiently promising to warrant 
intensive efforts. 


As in any colliding beam device, the effective intensities would, 
of course, be very low and the background problems great. The problems of 
arranging effective experiments would be similar to those for a colliding 
beam accelerator such as that proposed by MURA. 


One definite proposal has been made for the use of storage rings 
using electrons from the Stanford 700 Mev Linear Accelerator. 
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CHARACTERISTICS OF HIGH ENBRGY MACHT 





Appropriate 
Energy Range 


Particle 
Accelerated 


Beam Currents 
(Average) 


Output Beam 
Duty Cycle 


Repetition 
Rate 


Energy 
Spectrum 
Variability 
of Snergy 


Remarks 


Status 
(U.S. and 
Abroad) 


Pulsed Field Weak 
Focusing Froton 
Synchrotron 


1 to 12 Bev 


Proton 


1078 ~ 107© amp. 
1010 ~ 1012 
protons/pulse 


6 x 1072 
can be increased 


0.1 to 20 CeDeSe 


Depends on beam 
programming, Can 
be 0,1 per cent, 


Easy 


External proton 
beam easy. 
neutron beam, 


Operating: 1,3,6,10 
Bev 

Construction: 
12 Eev 


3 and 


External 


Pulsed Field AG 
Proton Synchrotron 


10 ~ very high 


Proton 


10-9 - 1078 amp, 


10-2 
0,1 = 1 CePcSe 


May be 0,1 
per cent 


Easy 


External beam may 
be difficult, 


Construction: 
7,25 - 30 Bev 
Design: 50 Bev 


Proton Linear 
Accelerator 


0 to very high 


Proton 

1076 ~ 1075 amp, 
1012 protons/ pulse 
10~2 


30 CePeSs 


0.1 = 0,01 per 
cent above 1 Bev 


Possible 


External proton 
beam of high 
quality, External 
neutron beam, Cost 
relatively high, 


Operating: 68 Mev 
Study: 1 Bev 
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1d 


l= 


1d 


oe 








Proton Linear 
Accelerator 


O to very high 


Proton 

1076 = 107° amp, 
1012 protons/pulse 
10~2 


30 CePeSs 


0.1 = 0,01 per 
cent above 1 Bev 


Possible 


External proton 
beam of high 
quality. External 
neutron beam, Cost 
relatively high, 


Operating: 68 Mev 
Study: 1 Bev 


ERISTICS OF HIGH ENERGY MACHINES 


Pulsed Field 
Electron 
Synchrotron 


0 to 10 Bev 


Electron 


1077 ampe 
1011 electrons 
per pulse 


10-2 


6 =~ 60 CePpnSo 


Depends on beam 
programming, Can 
be 0.1 per cent, 


Rasy 


Internal electron 
beam available at 
Straight sections, 
&xternal X-ray beam 
of good quality. 


Operating: 1 - 1,2 
Bev 

Construction: 7 Bev 
CAG) 





Electron 
Linear 
Accelerator 


O to very high 


Electron 

1075 aMpPe 

1012 electrons 
per pulse 


10-4 or less 


60 to 360 Cep-Se 


~~ 2 per cent 


Easy 


External electron 
and X-ray beams 
of good qualitys 


Operating: 0.70 Bev 
Construction; 2 Bev 
Proposed: 15-45 Bev 





FFAG 
CW Proton Cyclotron 


Up to rest mass of 
particle 


Proton, deuterons, etCe 


1074 ~ 1073 amp, 


100 per cent 
Not applicable 


Not known; 2 per cent 
or better 


Easy with internal target, 
Possible but difficult 
with external beam, 


External beam should 
be possible, 


Proposed: 0.9 Bev 


FFAG 
Synchrocyclotron 


Up to 2 ~ 3 Bev 


Protons, deuterons, etCe 


107> — 1074 amp, 


1-3 x 1072 
Up to 1000 CepeS. 


Not known; 2 per cent 
or better 


Basy with internal target. 
Possible but difficult 
with external beam, 


External beam should 
be possible, 


FFAG 
Protonsynchrot 






2 — 25 Bev 


Protons (or o 
particles) 


107> amp. 


Depends on bea 
1074 to 90% 


1 CepeSe. for 
injection 


May be 1 perc 


Easy with inte 
Possible with 


External beam 
be possible. 


Model Studies. 
Design Studies 

























nchrotron 


(or other heavy 
s) 


on beam programming 
90% 


for 30 CepoSa 


per cent or better 


internal target. 
with external beam, 


beam should 
Dle.e 








Colliding Beam Froton Acceler 


Equivajent Energies of 0 = ve 
high 


Protons 

(Equivalent single beam 
current is very low.) 
Variable 


Variable (low) 


1% each beam 


Possible 


Internal targets only. 


Proposed: Single device with 
opposite circulating 15 Bev 
beams, At collision equivalen 
Single beam accelerator ener 
is 540 Bev. 


Accelerator 


QO = very 


se with 
15 Bev 
uivalent 
or energy 


Storage Rings (Electrons 
or Protons) 


O = very high 


Requires separate accelerator 
injector = protons, deuterons, 
electrons, etc. 


(Equivalent single beam 
current is very low,) 


100 per cent 


Not pulsed 


May be 0,1 per cent 


Depends upon variability 
of injector energy 


Can only study interactions 
between identical particles 


Study: Equivalent Energy 
30 Bev protons 

Proposed: Equivalent Energy 
1000 Bev electrons 
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CORRELATION GUIDE FOR THE STANFORD ACCELERATOR PROPOSAL (1957), THE 
BROBECK REVIEW (1958), AND THE CONSTRUCTION PROJECT DATA SHEETS (1959). 
I. INTRODUCTION 

There are three major documents available at present which give detailed 
information about the Stanford University proposal to construct and operate 
a two-mile linear electron accelerator. These are: 


(1) Stanford Proposal for a Two-Mile Linear Electron Accelerator 
(April 1957) submitted by Stanford University. 


(2) Brobeck Review of the Stanford Proposal (June 1958) prepared 
by William M. Brobeck & Associates at the request of the AEC. 


(3) Construction Project Data Sheets for the Linear Electron Accel- 

erator (May 1959) compiled by Stanford University and the Divi- 

sions of Research, Finance, and Construction and Supply of the 

AEC. 

The interval between the writing of each document is approximately one 
year and to some extent each of the latter two documents updates the previous 
one. It is the purpose of the present Correlation Guide to describe the Stan- 
ford project as submitted to Congress in greater detail by referring to the 
relevant parts of (1) and (2) to further amplify the data presented in (3). 

In general, one may say that the original Stanford Proposal (1) provides 
the best description of the scientific objective and general philosophy of 
the project; the physical characteristics of the accelerator, tunnels, and 
buildings; and the beam extraction and experimental areas. 

The Brobeck Review (2) is primarily an independent cost estimate which 
supercedes the cost estimate given in (1). The various appendices and draw- 
ings often furnish greater detail about items such as the cross section of 
the tunnels, the waveguide coupling arrangement, the RF system and control 
circuits, etc. 


The Project Data Shee+s (3) present, in essentially outline form, the 


proposed accelerator project as submitted to Congress. It may be more 
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fully understood by reference to the appropriate sections of (1) and (2), 


s indicated below. 


The following major changes have been made in the project since (1) 


und (2) were written. 


(a) The mumber of klystrons to be used is reduced to 
240 from 480. Thus the energy range is reduced to 
10-15 Bev from 15-25 Bev. 


(b) It will no longer be necessary for Stanford to build a 
Klystron Factory, since commercial facilities will be 
available to fabricate these tubes. 


-_ 
Q 
ar 


To the buildings at the End Station have been added 
a cafeteria, auditorium, fire station and two guard 
houses. 


II. GUIDE TO THE STANFORD ACCELERATOR PROPOSAL 

Sections I, II, III and IV of the Stanford Proposal - These first four 
sections require only minor corrections mostly occasioned by the change in 
Stage I to 240 klystrons and the shift in the energy range to 10-15 Bev. 
They still provide an excellent summary of the scientific objectives of the 
project and the physical characteristics of the accelerator and appurten- 
ances. Tables IV-l, IV-2 and IV-3 which list the major specifications of 
the accelerator, klystrons, and tunnels are to be replaced by the revised 
tabulation in the Project Data Sheets, Section 8. The other necessary 
revisions to Sections I-IV are listed in detail in Appendix A of this Guide. 

Section V of the Stanford Proposal - This section on Construction 
Costs is superceded by Section 10 of the Project Data Sheets which provides 
the present cost estimate. 

Section VI of the Stanford Proposal - This section on Annual Re- 
search Operating Costs is to be compared with both Section IV and Appen- 


dix VII of the Brobeck Report. It is very difficult to predict exactly 
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the operating costs six years in advance for a machine which will be a unique fp Thi 


facility. Thus the $15,000,000 quoted in the Project Data Sheets, Section 


9 (d), must be regarded as an approximate figure. Escalation has not been 
included in the estimates given in Section VI and Appendix VII. II 
Appendices II-A, II-B, II-C and IV-A of the Stanford Proposal - These 


technical appendices on choice of wavelength, beam dynamics, shielding, and the 


Th 


control and instrumentation are still pertinent, although further study .ne 
could modify the conclusions somewhat. More detail on the latter is avial- : Shex 
able in the Brobeck Analysis. : 
Appendix IV-B of the Stanford Proposal - The introduction to this Sect 
appendix contains a useful description of the klystron requirements except 
that the number required for Stage I is now 240 and the pulse length is | of t 
increased to 2.5 microseconds. The other parts require updating because a : modu 
klystron factory is no longer necessary for reasons given above. Tables : vide 
IV-B-1 and IV-B-2 on the klystron amplifiers are replaced by the table in Prop 
Appendix B of this Guide. this 
Appendix IV-C of the Stanford Proposal - This description of the thre 
site and buildings is still up-to-date except for the addition of the 
cafeteria, auditorium, fire station and guard houses. Table IV-C-l, how- , neer 
ever, has been replaced by the Buildings and Structures part of Section 8 ings 
of the Project Data Sheets. more 
Appendix IV-D of the Stanford Proposal - The power requirements have Part 
been revised as follows: of tl) 
Accelerator - 31,600 kilowatts 
Beam Switchyard 3,600 zs 
Target House 8,800 " acce] 
Administration, Shops & Labs 5,700 o 
Pumps, Compressors & Refrigeration 9,000 P here. 
Outdoors, etc. 500 ™ 


; 57,200 kilowatts 





n 


STANFORD LINEAR ELECTRON ACCELERATOR 277 


This is the breakdown for the power requirement of 60 megawatts given in 


the Project Data Sheets, Section 8. 


III. GUIDE TO THE BROBECK REVIEW 
Sections I, II and III of the Brobeck Review - These sections give 
summary and breakdown of the construction cost estimates by Brobeck. 
> numerical values have been replaced by Section 10 of the Project Data 
Sheets. However, these follow a format similar to that used by Brobeck. 

Section IV of the Brobeck Review - See remarks in this Guide under 
Section VI of the Stanford Proposal. 

Appendix I of the Brobeck Review - In this appendix a description 
of the accelerator components such as the accelerating tube, klystron 
modulator, drive and control system, vacuum system, and injector is pro- 
vided, which furnishes more detail in many respects than the Stanford 
Proposal. The machine will not necessarily be built and operated in just 
this manner, but e possible mode of operation is described. Drawings D-l 
through D-12 illustrate some of these main components. 

Appendix II of the Brobeck Review - Brobeck utilized Kaiser Engi- 
neers to prepare a cost estimate on the tunnels, end station, and build- 
ings. Appendix II and Drawings 101-C through 103-E (11 in all) provide 
more detail about the above items than is given in the Stanford Proposal. 
Part D on the buildings in the end station area is amended by Section 8 
of the Project Data Sheets. 

Appendix III of the Brobeck Review - The prototype facility for 


accelerator improvement and klystron life testing is adequately described 


nere. 
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Appendix IV of the Brobeck Review - This section provides a thorough 
analysis of the klystron lifetime and replacement problem, although some 
parts must be updated since the klystron factory is no longer required. 


Appendix V of the Brobeck Review - At present the electroforming 


process for manufacturing the accelerating tube as described in this section 


is still the most satisfactory one, although alternative techniques are 
being investigated by Stanford and others. 


Appendix VI of the Brobeck Review - This equipment analysis stands 


os 


as wI 


tten except for the replacement of the klystron factory by the kly- 
stron laboratory. See Project Data Sheets, Section 10, Item C-6. 
Appendix VII of the Brobeck Review - See remarks in this Guide under 
Section VI of the Stanford Proposal. 
the Brobeck Review - This appendix is current. 
Appendix IX of the Brobeck Review - Stanford University has stated 
that it will give the government a long term lease to the site of the two- 
nile linear electron accelerator and end station for a $1 fee. The over- 


head rate to be paid Stanford during construction and operation has not 


yet been negotiated between Stanford and the AEC. 


IV. GUIDE TO THE PROJECT RATA SHEETS 





Sections 1 - 6 of the Project Data Sheets - These sections are 


na 

@ 

aw) 

my 
' 





Section 7 of the Project Data Sheets - See Figure I-l of the Stanford 





Proposal and Appendix A of this Guide. 


Section 8 of the Project Data Sheets - Amplification of the brief 





physical description will be found in: 





the 


cur 
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Stanford Proposal - Sections I, II, III and IV 
| Appendix II-A, II-B, II-C, IV-A, IV-B, 
IV-C and IV-D 
with the qualifications contained in Part II of this Guide. 
Brobeck Review - Appendix I, II, III, IV, V and VIII 
j with the qualifications contained in Part III of this Guide. 
Correlation Guide - Appendix A and B 
Section 9 of the Project Data Sheets - Backup material for the justifi- 
cation of need will be found in: 
Stanford Proposal - SectionsI, II and III 
The corrections necessary to the above sections will only slightly affect 
the statement pertaining to justification of need. 
Sections 10 and 10a of the Project Data Sheets - These sections are the 


current cost estimates. 


Section 1l of the Project Data Sheets - This section is self-explanatory. 
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been made in the followin 


Delete 15, 


"7 " 

‘ 

7 " 

Tint " 
“+ 

17 " 

| 





II- “ entire figure, 
4 ‘ $20 
> ‘ 480 
15 - x 
GOL 
ai oor 
+2 " \ 
4 iy 
lines Ff entire 5 lines 
" " " 8 " 
vr 7 \ 
AV7i) 
Iv-2) Replace by table in Section 
TU \ 
} 


sv 


several, 

$78, 

line on klystron 
factory, 

comma after Mev, 


remainder of sentence 


from "although at..." 
15-Bev, 


entire figure, 


A-meson, 


" 


" 


Us 


Pro iec Nat: *}, + 
Proje ct Data Sheets 
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document) 


Detailed Corrections to Section I - IV of the Stanford Proposal 
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Cool ing: 


Drift: 


Output: 


Cooling Connections: 


Phase Modulation: 


Focusing: 


Radiation: 


Note l 


Note 2 


Note 3 


Note 4 
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Water flow tbs at tbs psig 
Water temp. inlet tbs (to be specified) 


Pout to change not more than tbs percent per °F in inlet 
water temp. 


Special plug-in socket - (see drawing No. ML....) 


Female coaxial connector, type C - (mates with UG-573/U 
male connector) 


2 Waveguides RG-48/U, connecting through special flange - 
(see drawing No. ML....) 


Two quick-disconnect type tbs. 
Phase modulation produced by stray heater magnetic field 
to be less than tbs°; produced by beam voltage changes to 
be less than tbs® per percent. 


Permanent magnet focusing to be considered. 


Shielding may be provided on collector. 


Any short transient spike on the voltage pulse shall not 
exceed 10 percent in magnitude and 0.25 ss in duration. 


The limits of acceptable current at operating voltage 
correspond to variation of # 5 percent in perveance. 


Pulse length measured at 70 percent of maximum voltage; 
minimum of 2.5 ,gsec flat top is required. 


Heater power is expected to be 300 watts. 


February 17, 1959 








PROPOSAL FOR A TWO-MILE LINEAR 
ELECTRON ACCELERATOR 


APRIL, 1957 


This document serves to provide background information on 
the original proposal made by Stanford University to the 
AEC, the DOD and the NSF. The 
those proposed in 1957 


er 


current plans differ from 
» principally by reduction of the 


£ klystron amplifiers used to power the accelerator. 


STANFORD UNIVERSITY 
STANFORD, CALIFORNIA 











The basic plan for the two-mile accelerator is presented in the first 
six sections (I through VI) of this proposal. 


covering some of the aspects of the proposal in more detail, is given in 
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ELECTRON ACCELERATOR 





@ series of Appendices (II-A, B, C and IV-A, B, C, D). 


The possibility of constructing a two-mile, multi-Bev linear electron 
accelerator was first considered at Stanford in the early part of 1955. 


Members of the first group, which included F. Bloch, E. L. Ginzton, R. 


Hofstadter, 


the course of the following year to discuss the scientific justification 
for such a machine and the general problems that would be involved in its 
construction. 
members of the W. W. Hansen Laboratories of Physics, and it was decided 


to undertake the more detailed studies which led to this proposal. 


proposal is 


working over a period of a year at Stanford, and of the contributions of 
several other organizations. 


group are listed below, with the chairmen of the several committees 


indicated in parentheses. 


W 
K. 
F. 
M 
E 
R 
K 
Le 
E 
R 
C. 
J 
K 
R 
R 


° 


° 


° 


° 





W. 


» C. Barber 
L. Brown 
W. Bunker 
Chodcrow 
L. Chu 
J. Debs 
G. Dedrick 
H. Franklin 
- L. Ginzton 
« Hofstadter 
B. Jones 
H. Jasberg 
B. Mallory 
A. McIntyre 
« F. Mozley 
o Be Neal 


K. H. Panofsky and L. I. Schiff, met several times during 


In April, 1956, a larger group met, composed primarily of 


the result of the part-time efforts of approximately 25 people 


Some of the members of the Stanford study 


(Power Facilities ) 
(Specifications ) 


(Control and Instrumentation) 


(Klystron Specifications ) 


(Beam Switchyard and End Station) 


(Accelerator Construction ) 





Supplementary information, 
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C. W. Olson 

We K. H. Panofsky (Radiation and Shielding) 
F. V. L. Pindar (Site and Buildings) 

L. I. Schiff (Administration ) 

H. W. Soderstrom (Klystron Factory) 

S. Sonkin 


In addition, several special studies were carried out on beam 
dynamics, accelerator structures, etc. The study as a whole has 
been under the direction of E. L. Ginzton and W. K. H. Panofsky. 

We wish to acknowledge the valuable assistance of the following 
groups. 

Utah Construction Company and Bechtel Corporation made extensive, 
independent studies of the site and tunnel problems, and submitted 
complete reports on their respective solutions. The site, tunnels, 
and target area discussed in this proposal are a synthesis of the 
solutions proposed by these two companies. All cost and specification 
information in this report stems directly from these studies. 

Varian Associates assisted with the planning and cost estimates 
for the construction and operation of the klystron factory. 

The University of California Radiation Laboratory provided us 
with financial and administrative information based on their operating 
experience. 

At Stanford, Professors C. H. Oglesby of Civil Engineering and 
B. M. Page of Geology, with the assistance of their students, pro- 
vided valuable site, geological, civil engineering and other information. 

We should like to take this opportunity to thank these groups and 
all the other people who have contributed their time and effort to 


this work. 
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I. The General Intent of the Proposal 


This proposal describes an electron linear accelerator approximately 


two miles long designed to produce an electron beam of high intensity in 


the energy range from 1( to 45 Bev. The accelerator will be powered by 
klystron power amplifiers operating at the design frequency of approximately 
3000 megacycles per second. The electron energies attainable with this 
instrument will depend upon the amount of microwave power delivered by the 
klystrons. 

The design of the proposed machine is a logical extension of the 
accelerator development that began at Stanford University in 1947. The 
largest of the Stanferd acceleraters has eperated at energies up to 
7OO Mev. No fundamentally new principles are involved in the design of 
the proposed machine: this proposal is based on a conservative extension 
of present accelerator technology. Analysis of the problems of beam 
dynamics has shown that the dimensional, frequency, and temperature tol- 
erances of the proposed accelerator are no more stringent than those 
required in the present machines. Requirements of accelerator alignment 
are also reasonable, since the beam can easily be "steered" at selected 
points. In fact, problems of alignment and geometrical stability are 
considerably simpler than those encountered with circular machines in the 
multi-Bev range. 

The cost of microwave power sources is a major consideration for 
a large linear accelerator. Accordingly, the present: design makes use 


of klystron amplifiers at ratings of power output and useful tube life 
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that are conservative by present standards. Improved tube performance 
will allow increased klystron power output, with a resulting increase in 
the electron energies attainable. The proposed machine is thus expandable 
in power rather than in length. 

This accelerator would represent a major advance in the range of 
energy and intensity of particles available for physical research. The 
anticipated average beam current about 30 microamperes would make it 
an abundant source of all known artificially-produced particles and their 
anti-particles. The combination of high energy and a well-collimated beam 
would make possible the continued study of nuclear and nucleon structure 
in much finer detail. In addition, the proposed accelerator will increase 
the available electron energy to the region where study of the limitations 
of the present theories of electrical interactions becomes feasible. For 
these specific reasons we consider an accelerator of this type a very 
powerful instrument for high-energy physics research. 

In more general terms, we believe that a diversity of instruments 
is of great value in itself. Much of the wealth of fundamental informa- 
tion uncovered in recent years is as yet imperfectly understood, and it 
is therefore not possible at the present time to establish a specific 
research program for any multi-Bev machine still in the planning stage. 
Because of this, we believe that diversity among several installations 
(in kind of particle, energy, intensity, geometrical and other beam con- 
siderations) is of fundamental importance in assuring that this basic 
field be comprehensively investigated. 

Studies made with electron beams yield information which ideally 
complements that obtained with proton beams. In general, processes in- 


duced by electrons and photons are simpler in character than the 
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corresponding proton reactions, and are thus more readily understood in 
fundamental terms. The machine described here exceeds the energy economi- 
cally attainable with circular electron machines, and thus offers the only 
known practical method of extending electron energies. In addition, the 
beam intensity of the proposed machine is several orders of magnitude higher 
than that of existing electron or proton machines used for meson production. 
We therefore believe that no other possibilities exist, or are in prospect 
at this time, for the exploration of the field of high-energy physics 

with electrons or photons in the 30 Bev range. Considering both the energy 
and the intensity of the proposed machine, we believe that such exploration 
will be highly effective. 

Cost analyses of the project indicate a construction cost near %105 
million, distributed over a period of six years. The figure includes 
the construction of some of the major experimental areas and facilities. 
The parameters of the machine proper have been chosen to minimize total 
costs over a ten-year operating period. 

We realize fully that the construction of an installation of this 
kind is a major undertaking, whether in connection with an existing lab- 
oratory, university, or other institution. The proposal to locate the 
accelerator on the Stanford University campus is made for reasons which 
we believe are cogent. A suitable site, two miles long, is available on 
Stanford land; this is being withheld from other purposes at the present 
time by the Board of Trustees. The present staffs and facilities of 


the Department of Physics, High Energy Physics Laboratory, and Microwave 


Laboratory, although not at present sufficiently extensive to support 


such a project, are the logical sources of manpower for much of the 


initial planning, engineering and tests. In addition, we believe that 





STANFORD LINEAR ELECTRON ACCELERATOR 289 


the ultimate research program for this machine should be integrated with 
the broader and more diverse activities in research and education that 
characterize a university such as Stanford. We do not, therefore, propose 
to create a new site which in time would expand and support programs 
other than those connected with the accelerator, but we suggest rather 
the incorporation of this facility within the framework of an established 
and expanding university program in research and teaching. 

Figure I-l shows an estimated schedule of construction of the accel- 


erator from the date the project, if approved, would begin. 
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II. Description of the Proposed Installation 


A. THE ACCELERATOR 


1. General principles of operation of linear accelerators. - The 


linear accelerator dates from an early proposal by Ising (1924), and has 
gone through many stages of development. The most notable advance in 

its technology stems from wartime developments of high-powered radio- 
frequency power sources. Linear accelerators differ from circular accel- 
erators in that each accelerating voltage gap is traversed only once; 
hence the need for a bending (guide-field) magnet is dispensed with; on 
the other hand, very high radiofrequency fields are needed to produce high 
energy in a single transit. 

The operation of linear accelerators differs materially, depending 
on whether the particles to be accelerated are electrons or protons, and 
on whether the accelerating structure is of the 'traveling-wave' or 
'standing-wave' type. 

Proton linear accelerators generally require a longer wavelength of 
operation than electron machines and are therefore larger and more ex- 
pensive for a given energy. At present, they have been constructed to an 
energy of 70 Mev, The electron linear accelerator has been developed 
to an energy of 700 Mev at Stanford University; construction of a 2=Rev 
machine is in progress at the Universite de Paris, France; and design of 
a machine near 1 Bev is in progress at the Ukrainian Technical Institute 
Kharkov, USSR, Roth of the latter are believed to be patterned after 


the Stanford accelerator, 
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aan 


believed to be patterned after the Stanford accelerator. 

Electron linear accelerators are considerably simpler than proton 
machines since the particles are traveling with a velocity essentially 
equal to that of light after the first few feet of acceleration. Therefore, 
with the exception of an ‘injector’ section, all further units can be of 
identical construction. Also, the radial defocusing forces beyond the in- 
jector become very small and only weak external focusing lenses (or no 
lenses at all) are needed to contain the bean. 

In the standing-wave (or resonant) accelerator, the high accelerating 
fields are built up in a resonant structure; the particles are injected 
after the steady-state is reached. The structure is designed so that the 
particle passes successive accelerating gaps in the correct phase for 
acceleration. In a traveling-wave machine, the accelerating guide is first 
'filled' with the accelerating field from its feed at one end of the 
structure. After filling, the particles are injected. The structure is 
designed so that the phase velocity of the field keeps up with the particle, 
resulting in a continuing energy gain. The two types of accelerators do 
not substantially differ in power economy or in their time cycle of opera- 
tion; the traveling-wave machine is preferred basically because of its 
general simplicity. 

The proposed accelerator is a direct outgrowth of the experience 
gathered with the Stanford accelerators. We realize that the engineering 
task of extrapolating the present designs to a two-mile machine is a large 
one; hence the machine parameters are chosen to avoid the necessity of 
developing new major components. This remark applies particularly to the 


klystron amplifiers; the power ratings and life expectancy of the tubes 


specified in the initial (1°-Bev or higher) phase of the proposed project 
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fall well within the range of present experience. Only the attainment 
of the highest possible energy that the accelerating structure is capable 
of ( ~ 45 Bev) will require improvement of existing klystron reliability; 
the lower energies are within conservative assumptions based on present 
klystron performance and life. 

The possibility of achieving high energy under conservative assump- 
tions of klystron performance can be understood by means of the basic 


linear accelerator equation: 


-1/4 


ven (ps yr", j 
where V is the voltage attainable; K is a constant depending on the 
structure chosen but independent of power level, length, or operating 
frequency; P is the total power input; L is the total length; and A 

is the free-space wavelength. 

The total construction cost will in general be comprised of 'length- 
proportional' and 'power-proportional' items; an overall cost minimiza- 
tion can be achieved by trading length for power for a given beam 
voltage. This important optimizing process depends upon the assumptions 
made. In particular, operating costs are primarily power-proportional; 
if a long operating period is included in the cost analysis, then a long, 
low-energy-gradient, low-power machine will be favored. In this analysis, 
operating costs for ten years have been included in arriving at the 
specifications for the machine, resulting in a relatively low gradient; 
the resulting design can, however, capitalize on possible (and expected) 
future reductions in the cost of generating the microwave power, making 
the higher energy goal ( ~ 45 Bev) feasible. 


The wavelength chosen for this machine is the S-band radar wavelength 
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).5 cm). The reasons for this choice are detailed in Appendix II-A, 
In general, the factors which favor the choice of a longer wavelength 


tringent mechanical tolerances, (3) higher 


o 


are (1) high current, (2) less 
power dissipating capacity, (4) better duty cycle. The principal factors 
favoring a shorter wavelength are (1) lower power cost and (2) smaller 
size of modulator equipment. Superposed on these factors are less 
tangible but important considerations such as those based on design and 
operating experience, availability of components and test equipment, 
and the like. Since consideration of these questions shows that the 
present operating frequency of the Stanford accelerators is very nearly 
the optimum, it appears wise to adhere to the present frequency value 
exactly. 

The machine proposed here does not involve any major steps in compo- 


r) 


1ent development; and, as will be discussed in the next section, it does 


@ 


not involve any substantially new assumption regarding the dynamics of 
the beam. Hence, the primary considerations in connection with the pro- 
posal for this machine do not deal with fundamental questions of whether 
such a device is operative, but rather with the problems of optimizing a 
design based on a synthesis of conservatively engineered components lead- 


ing to reliable operation. 


iynamics. - The primary question that must be answered 





before seriously proposing a large accelerator is: ‘Are conditions 
affecting the beam sufficiently understood tc predict a satisfactory per- 
Pormance?' In coasidering a iong machine which in its simplest aspect 


> 


is a pipe 2-miles long with a bore of 7/8-in. diameter, the answer to 


this question might appear to be difficult. We should mention here that 
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in terms of total beam path this machine is very much shorter than any of 
the proposed circular machines. The beam passes through each section 
only once; hence each section can be 'trimmed' for that one passage with- 
out concern about any resonant buildup caused by accumulation of disturb- 
ing effects over successive passages. 

The second major simplification of beam dynamics arises from the 
fact that the beam is fully relativistic after having passed through a 
short 'injector' section. This has two prcfound influences on the beam's 
behavior: (1) The total time of passage cf one of the bunches composing 
the beam is independent of the beam energy since the velocity is always 
near that of light (c)~ (2) The radial forces become very small due to 
the near-cancellation of the electric and magnetic forces. 

The first point is related to the problem of phasing the power sources 
to the beam. The proposed machine is essentially composed of forty machirms 
of the type now in operation at Stanford, placed in succession. Assuming 
that the problem of adjusting each of these machines is handled as it is 
now, we are concerned only with the relative phasing of the forty ‘machines. 
This problem can be handled by transmitting the master phasing signal by 
an air-filled (or vacuum) coaxial line (not waveguide) where the velocity 
of propagation is very nearly equal to c, as is the velocity of the beam. 
Hence the phase relation between the beam and power sources is invariant 
to change in the physical characteristics of the accelerator proper, such 
as those which could be caused by thermal changes or small shifts of the 
support structure. 

The situation regarding radial beam dynamics is more complex (see 
Appendix IT-B).If the machine were perfect, the cancellation of the radial 


magnetic and electric forces would be substantially complete. In that 
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case, the radial momentum of any electron would remain a constant of the 
motion while the longitudinal momentum increased linearly along the ma- 
chine. As @ result, the angle of beam divergence would vary inversely 

as the distance along the machine, and thus the beam radius would increase 
very slowly (logarithmically) with the distance along the axis. This 

Slow divergence could be suppressed by very weak external magnetic lenses 
if desired. 

Another way to understand this surprisingly favorable situation 
is to consider the geometry of the accelerator from the point of view of 
an observer moving with the electron. As is shown by simple relativistic 
kinematics, the length of this machine will appear to be only 3 ft toa 
co-moving observer, whereas the aperture remains unchanged at a diameter 
of 7/5 in. No more eiectrons are lost than the number that would miss a 
7/OSein. hole at 3 ft when injected by a well-designed electron gun. 

As the result of such general considerations, and supported by more 
detailed calculations, we conclude that from the point of view of radial 
and axial dynamics, a 10,000-ft accelerator will not substantially differ 
from a 250-ft machine. The one exception to this statement concerns the 
need for magnetic shielding: if no correcting coils are used, the shield- 
ing requirements can be shown to require stray fields to be reduced to 
107? gauss. Although this value can be achieved by multiple high-» mag- 
netic shield structures, the use of cccasional correcting coils reduces 
this problem to a minor one. 

The previous remarks concerning beam dynamics do not apply in detail 
to the first sections of such a machine; as a matter of fact, we should 


like to consider, s: the first 100 ft of this machine as an ‘'injector.' 


Since the injectcr does not influence the economics of the entire 
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machine in a substantial way, its parameters are defined by the require- 

ments of maximum intensity, minimum radial beam momentum, and optimum bunching, 
rather than by the power-vs-length considerations discussed in II.A.l. It 

can be shown that a maximum gradient in the injector is desirable from 

this point of view. Radial dynamic considerations require that solenoidal 
(weak) focusing be employed in the non-relativistic first section (buncher) 

of the accelerator, which is quite short. This field will have to be 

tapered down along the injector in order to leave the beam with minimum 

radial momentun. 

The limit on current output of a linear accelerator is ultimately 
imposed by beam loading in the accelerator. The beam currents contemplated 
are in the range where target dissipation constitutes a serious problem; 
since excessive beam loading leads to a broad energy spectrum, the pro- 
posed machine is not designed to operate as heavily loaded as short mach- 
ines designed for maximum current yields would be. The currents specified 
for this machine correspond to about 10% - 25% conversion of the radio- 
frequency power into the beam power; at this figure, the beam energy 


spread is not in excess of that due to other causes. 


3. Mechanical and electrical tclerances. - As discussed in II.A.2, 
the mechanical tolerances of a 10,000-ft machine need not be significantly 
iifferent from those of a 250-ft machine. For reference, the permissible 
errors in the design values of the Stanford Mark III accelerator waveguide 


are: 


Error in hole in disk . + 0.0002 in. 
Error in diameter of guide + 0.0002 
Error in disk spacing . + 0.001 
Error in disk thickness . + 0.0002 in. 


These errors produce a theoretical phase shift of about 1° and decrease in 
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energy of less than 1%. Measurements on the present accelerators at 
Stanford have shown that these design tolerances can be but have not al- 
ways been met. 

Detailed discussion of the axial waveguide alignment tolerance is 
difficult at this time. Although precise alignment is desirable to 
assure easier operation and adjustment of the machine, it is + nece- 
ssary to the success of the machine. The following set of alignment +t: - 
erances serves as a@ guide only; more detailed knowledge of the site 
conditions may make a change of these numbers advisable. This relative 
flexibility of alignment requirements results from our intention (see 
Section III) to incorporate steering coils and beam observation points 
at frequent intervals along the machine. Optical alignment to these 


tolerances can be attained by standard techniques. 


TABLE II-l. Alignment tolerances 


length of Alignment within Tine Duration 

¢ g section 

+ 1/16 in. One year 

+ 1/8 As long as feasible 
1000 ft + 1/4 One year 

372 As long as feasible 
10,000 ft 22. One year 

+ 5 in. As long as feasible 





As a result of the mechanical tolerances listed above for the accel- 
erator waveguide, it is necessary to control the temperature of the 
accelerator to avoid drifts over short periods in excess of 2°F. The 
operating temperature can be set at a desired point by controlling the 


cooling water temperature as dictated by the economics of the heat-exchange 
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system. Long-range drifts in temperature are easily compensated for by 
shift in the driving frequency. The basic stability of the master oscilla- 
tor (r-f driving system) should be better than + 50 kc. 

We should like to reiterate that none of these tolerance figures is 
in excess of those specified for the several currently operating accel- 


erators. 


4. The properties of the proposed machine as a tool in reasearch. - 


The various high-energy machines already constructed, and those in design, 
under construction, or under study differ in their important parameters. 
The important parameters are the fundamental properties: the beam energy, 
the beam current, and the type of particle. Other relevant parameters are: 
the beam geometry, the duty cycle, ease of shielding, etc.; these govern 
the ease with which experiments can be designed and performed. 

Figure II-l shows all of the machines now in operation or under con- 
struction plotted in terms of their design energy and current. Also shown 
are the machines of the FFAG (fixed-field, alternating-gradient) class; 
the attainable currents and energies plotted are based on estimates furnished 
by various sources to the National Science Foundation Panel on High-mergy 
Accelerators (1956). The design value of the machine proposed here is 
also shown; as discussed in the Specifications sections of this Proposal, 
the energy of this machine will be increased during development, and the 
intensity decreased; the proposed machine therefore appears as a slanted 
line on the graph. 

It is clear that the machine propesed here represents a new and 
major step in accelerator development; we propose an advance in energy 


above that of any machine now in operation or under construction. In fact, 
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the combination of current and energy considered here is approached only 
by some of the machines that might potentially be available by the use 
of the FFAG principle. Since this Proposal is for an electron machine, 
the instrument will be unique in its capability for the foreseeable 
future. 

The short duty cycle of the proposed machine is a serious detri- 
ment. Power considerations limit the fractional ‘on time' of the beam 
to 1/2800 in the 15 - 30 Bev range, and to 1/16,700 near 45 Bev. This 
low duty cycle is not important in the photographic-plate techniques, 
and is in fact an advantage to bubble-chamber detection. However, the 
difficulty of designing counter experiments using coincidence and time- 
of-flight techniques is increased. Experience with the Stanford Mark 
III accelerator has shown that this difficulty can be cowtered effect- 
ively by careful design of such things as the shielding and by the use 
of magnetic spectrometers; in general terms, one is simply forced to 
substitute other forms of discrimination for the discrimination in time. 
In addition, the short pulse and the r-f fine structure of the beam 
make certain techniques possible; among these are counting by delayed 
coincidence to the beam pulse, and time-of-flight methods tying into the 
bunched structure of the beam. Our conclusicn, based primarily on 
present experience, is that the short duty cycle of the beam makes 
impractical the use of some techniques useful with other machines but 
permits the application of specialized methods. 

One of the primary merits of the machine proposed here concerns the 
favorable geometrical structure of the beam. Both an extemal electron 


beam and a high-energy y-ray beam are useful; there is no 'extraction' 


problem. The beam diameter wili be about 1/4 in., with an angular 
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divergence of only 107? radian (two seconds of arc). This geometrical 
quality of the beam permits, among other things, a wide dispersal of 
experimental facilities. We consider this a very important advantage 
since, on the one hand, the unique possibilities of the machine will 
make mandatory its use by many scientific workers, and on the other hand, 
the small values of cross sections at these energies and the need for 
very accurate measurements at high beam intensities will necessitate 
experimental installations of poor mobility. 

Due to the high energy and intensity of the machine, the question of 
adequate radiation protection becomes an integral part of the design of 
the experimental facilities as well as of the machine itself. Experiments 
can be of two general types: (a) 'thick'-target experiments in which a 
large fraction of the capability of the beam to produce secondary radia- 
tion is expended in the target, and (b) 'thin'-target experiments where 
the radiation from the target is small, and where the beam must be ‘buried’ 
in a well-shielded enclosure after passage through the target. 

The design described here incorporates facilities for both types 
of operation in the initial accelerator construction proposal. The 
emerging beam from the accelerator is split into several beams by mag- 
netic-deflection systems, and is then ‘piped' via earth-shielded vacuum 
lines into the target areas. Thick-target experiments can be carried out 
in target houses where the beam bombards the target in a heavily-shielded 
enclosure; openings in the shield can then admit secondary particles 
ints the target house. Space is provided for thin-target experiments 
where analyzing equipment can be moved in an are around a target in 


the beam. 
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B. SCIENTIFIC OBJECTIVES 


The motives underlying a new accelerator project are in general 
divided between a general desire to extend the range of accelerator 
parameters such as energy and current into previously unattained regions, 
and specific scientific objectives. We feel that the justification for 
this accelerator is singularly strong on both counts. We wish to add 
that it has been the rule rather than the exception that in the time 
interval between inception of an accelerator project and the beginning 
of actual research, the logical scientific program has shifted materially 
from that originally envisaged. 

Any high-energy accelerator is useful in the following general 
categories: (1) as a controlled source of artificially-produced parti- 
cles which are otherwise only produced in very low intensity from cosmic 
rays; (2) as a source of particles to explore nuclear structure and to 
study the interactions of these particles in muclear matter; (3) as 
a tool to study the basic production process in the creation of parti- 
cles. Added to these, in the case of electron accelerators, is:(4) as 
a tool to study the high-energy limits of quantum electrodynamics. 

The machine described in this Proposal should prove to be a more 
abundant source of artificially-produced particles than any of the 
machines now operating or under construction. Figure II-2 shows the 
thresholds for production of the particles now known for electrons and 
protons; we note that in terms of threshold the range of electron 
energies from 15 to 45 Bev corresponds to an energy range of 19.5 to 
47 Bev for protons. Production cross sections for such particles are 
about 100 times larger for protons than for photons. This factor is 


modified by the fact that the useful target thickness for protons is of 
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the order of a ‘nuclear 
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mean free path,' while for photons it is of the 


For light elements nuclear mean free 


order of the radiation length. 


horter than the radiation 


path is roughly three times 


By employ- 


ing a light target, the total secondary-particle yield 


is roughly 30 


In terms of 


times smaller than the corresponding heavy-particle yield. 


secondary-particle yields (and also of neutron yields, which affect shield- 


II-l for the electron 


ing considerations), the current values shown in Fig. 


machines should be ‘'de-rated' by a factor of 30 relative to proton machines; 


however, the energy val 
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to the smallness of electromagnetic pair-production cross sections, 
high-intensity electron beams will be required to study these poss- 
ipilities. 

It is clear that studies involving high-energy electron scattering 
will continue to be fruitful. The study of nuclear structure will give 
results of increasingly higher resolution at these energies. However, 
high intensity and a clean, collimated electron beam are absolutely nece- 
ssary tc such studies since the cross sections become very small while 
the angular detail becomes high. 

Problems in electron scattering on nuclei and nucleons have in 
the past been fruitful since unknown structures are explored with a 
known (electromagnetic) interaction. At these energies we are entering 
the region where deviations from the present formulation of quantum 
electrodynamics might be expected; scattering experiments are doubly 
interesting because they also become of interest in the study of the 
limits of electrodynamics; in addition to electron scattering on nuclei, 
other processes such as electron-electron scattering, large-angle pair 
production, and bremsstrahlung, also become important in this respect. 

Another potential contribution of the proposed machine is to the 
study of the production processes of new particles. In contrast to 
the problem of simply producing a ‘beam’ cf such particles, we are con- 

srned here with questions going beyond cbtaining a large particle flux. 
The photoproduction process is in general less complex than the heavy- 
particle production process and lends itself frequently to analysis in 


term 


ms Of the interaction of the particles produced with nucleons. Exper- 


ience in the field of pion physics has led to an understanding of photo- 


production in much greater detail than has been possible for heavy-particle 
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Fig. II-2. Plot of available center-of-mass energies, in units of the proton 
rest mass (938 Mev), vs laboratory energies of electron and proton machines. 
The proposed range of the M accelerator is shown, and also the range of an equi- 
valent proton accelerator giving the same c.m. energy. The thresholds of the 
creation processes of the known particles are shown. 
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production. In addition, the external electron beam is a special tool, 
as experience with the present accelerators shows: the ratio of cross 
sections for electron-induced to those cof photoproduced processes gives 


information beyond that obtainable from the study of photoproduction 


These questions form a major challenge to known experimental tech- 
niques. Although the accelerator characteristics are favorable for 
obtaining suitable yields for study of these processes, it is certain that 
nany of the detection problems will be quite difficult; this is notably 
jue to the increasing difficulty in distinguishing highly-relativistic 
particles. We anticipate that a continuously-increasing fraction of 
experiments will be of a type requiring extensive instrumentation and 
accurate measurement; the need for adequate experimental space and 


facilities cannot be overemphasized. 


C. GENERAL ADMINISTRATIVE ARRANGEMENTS 


l. General. - We propose that the construction of this machine 
and carrying out the research program be undertaken through a contract to 
Stanford University. We propose that the Director of the project be 
responsible to a Board cf Directors appointed by the President of Stanford 
University. It may be desirabie to include on the Board representatives 
from neighboring academic institutions. 

Since the operating budget of the proposed activity is comparable 


to that cf Stanford University, it is clearly indicated that all admin- 


wr: 
? 


istrative funct such as accounting, purchasing, personnel, grounds 


n 


maintenance, shops, etc.,; be carried out independentiy of the present 


University functions. Hence, the costs of such service functions shall 
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be a direct part of the project. 
It is understood that the faculty members and students of the 
Department of Physics will participate actively in the scientific work 


the project. However, it is expected that the project will attract 
a group of scientists who will not be a part of the academic staff of 

> University. The unique nature of the proposed facility puts the 
laboratcry in the role of a national facility even though its formal 

eration would remain as the responsibility of the University-appointed 
shall be the policy of this Board to make the facilities of 
laboratory available to qualified scientific workers from any 
ion, subject only to maintaining the quality of the research 
rogram as limit 


ed by the available facilities and funds. 


It is proposed that the new facility limit its activities to 


‘ields of science which are directly associated with the utilization 
the accelerator. It is hoped that the close relation between the 


laboratory and the remaining parts of the University will provide the 


scessary diversity of background for other original scientific work. 


2. Site considerations. - It is proposed that the machine be con- 
structed on a site, estimated at 400 acres, located within the boundar- 


e 


ies of the lands owned by Stanford University. Stanford has suitable 
nd available for the project, and this is being withheid from other 
use at the present time by the Board of Trustees. 
The site choice is based on many considerations. The proximity 
of the site to the participating University departments is a major ad- 
vantage which will be reflected in a shorter ‘start-up’ period as well 


as in better ultimate research programs. Despite the size of the under- 


taking, we do not consider the proposed installation as an isolated 
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laboratory; rather, we believe that the continuing close relations 

tween the laboratory staff and other University departments will materially 
contribute to the success of the project. We do not propose that a new, | 
complete installation devoted to physical and chemical research be devel- 
oped, but suggest that this majcr research tool be integrated within an 
environment already active in research and teaching. 


The construction schedule of the proposed machine covers six years. 


) 

| 
Of this period, a large fraction of the first and second years' efforts 
will go into the construction of laboratory, office, and other buildings. 
Also, it is intended that engineering design and component testing be 
started as soon as practical. For these purposes, some of the existing 
laboratory facilities can be made available; in particular, the Mark II 
and Mark IV accelerator installations offer facilities for component 
testing. Since such testing is of great importance for conservative 
engineering of the machine, we believe that a considerable saving of time 
in the construction period can be realized by a site selection allowing a 
continuous transition to the new facilities. 

In evaluating the site we must realize that radiation shielding 

is a serious concern in this undertaking. We are well aware of the fact 
that almost all present high-energy accelerators are experiencing diffi- 
culties in varying degrees due to inadequate shielding. These arise from 
a combination of factors: (a) beam exceeding initial expectations, (b) 
lack of full knowledge of physical phenomena involved in the shielding 
problem at the time of design, (c) increased conservatism in the allowable 
radiation levels. Although we do not claim a full understanding of all 


the basic effects underlying the shielding problem, we believe that the 


site chosen makes possible a conservative approach. } 





si 


va 
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The shielding specifications arise from these requirements: 
(a) 'Acute' radiation hazards shculd be elimixated. (b) The radia- 
tioa Levels in areas occupied by personnel in activities connected 
with the project should not exceed a given tclerance. We have chosen 
50 mrem/40-hr week and 3 neutrons on” sec as this figure; this is 1/3 
the level reccommended ty the Committee on Radiation Protection in 1956. 


(c) The radiation ievel in areas cutside that allocate 


p 


project corresponds to less than 10 r/~ 30 years of continuous opera- 


tion. This is the so-calied ‘doubling dose' - a level corresponding 
to the amount received by the average person from natural sources 
(cosmic rays and natural radioactivity) and from medical x-rays. 

These requirements lead to certain minimum shielding thicknesses 
between project personnel and potential radiation scurces and also to 
a very large dimension for the target areas. The quantitative analy- 
sis of these problems is discussed in Appendix II-C, and the numerical 
values obtained are tabulated in the section on quantitative specifica- 
tions of the machine. These specifications call for 35 ft of earth 
shielding between the accelerator and accessible areas, and for a 
distance of at least 500 ft from the experimental target facilities 
to the laboratory boundaries. 

The site chosen on Stanford University property is compatible 
with both these requirements. It is proposed to rum the accelerator 
in a 10-ft diameter tunnel separated from an equipment timnel by the 
required 35 ft of earth. The target area is iocated in a valley of 
adequate size surrounded ty hilis. The acceiscrator site is located 
in a hilly section of Stanford land; the tunnel is thus underground 


by a variable depth. 


31] 
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We believe that the turnel system described is a reaecnably econ- 
omical solution for developing the availatie site compatible with the 
radiation shielding requirements. The cost x2 the tmel c¢crresponds 
to about *°°,'-.. ft. of available flo:r space;* we believe that as a 
combined figure fcr shielding and laboratory space this is not unreasonable. 

Our detailed site studies have alse includei other possibilities; 
for example, a site in which cut-and-fill rather than tunnel techniques 
would be used has been studied in detaii. Our present site recommenda- 
tion is made over the other poesibie schemes cn the basis cf cost, the 
possibility of a ievel accelerator structure, ani the ease cf radiation 
shielding. 

No site involving extensive tunrel ccnstruction can be considered 
final until extensive boring exploration has been completed. We antici- 
pate that such boring infcrmation might necessitate some shift in the 
exact location of the accelerator. The present site selection is based 
on geological information derivei primarily from scil tests and surveys 
by the Utah Construction Company, to whom we are greatly indebted. The 
studies leading to the present site selection were carried out with the 


active help of the Bechtel Corpcration and the Utah Constru:tion Company. 


2. 
See section on cost estimates for details (Sec. V). 
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This section summarizes the Sasiz design principles »%r. which the more 
detailed specifications of Secticn IV have been tased ard which affect the 
cost estimates of Section V. Section IV will descriSe a possible solution 
compatible with these pelisies; some of the numerical specifications are, 


of course, subject to changes resu.ting from a more extensive analysis of 


A. GENERAL POLICIES 


1. No fundamentally new principles are to be employed in the proposed 
machine: the proposal is to be based on a comservative extension of pre- 
sent accelerator technology. 

2. The design mst te based upon klystron amplifiers performance, 
power output ratings, and useful tube life that are conservative by 
present experience. As tube performance improves, the attainable klystron 
power output will increase, ard therefore the electron beam energy of the 


accelerator will also increase. thus consider the 


We 





roposed accelerator 








over a ten-year pericd are to be included in arriving at ax optinmm design. 
4. With the exception of an "injector" section, all further ‘mits 


. 


of the machine are to be of identical constructioz. 


mass production methods to be employed during the construction phase and 


will greatly simplify servicirg of “she machine components 
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a) The first 100 ft of the machine shall be considered as an 


injector, i.e., its gradient and other specifications shall be such as 
to provide the maximum beam current rather than the maximum energy or 
economy of operation. 

b) The machine is to be divided into sectors (say 250 ft) 
which are independently adjustable for optimum performance. This implies 
that either a pulsed inflector and deflector system be provided for 
each sector, or that a retractable gun and deflection magnet be avail- 
able, or that another means be developed to accurately phase the 
kiystrons within a sector. 

c) Components shall be used whose performance is well estab- 
lished at the time of the design freeze. New components will be developed 
only where necessary, then thoroughly tested before being incorporated 
in the machine. This is not meant to imply that more efficient methods 
for producing existing components will not be sought. 

5. Test vehicles, including a short accelerator, are to be provided 
as soon as possible for testing new components and for the purpose of 
training personnel to operate and service the machine. 

6. The power sources shall be disconnectable during full operation 
of the machine so that components can be replaced without disrupting 
machine operation. 

7. The accelerator waveguide shall be manufactured to conform to 
a specified frequency so that additional sections can be fabricated 
without reference to the accelerator itself. 


8. The beam shall be extracted only at the end of the machine; 


no ‘taps' of beams along the machine appear desirable. 





bo 


wer 


oO 
=} 





STANFORD LINEAR ELECTRON ACCELERATOR 315 


9. The experimental areas shall have several locations so that 
bombardmer.ts car be performed in one area whiie 'setup' work is being 
safely carried out ir. the remaining locations. 
iO. The experimental areas shall be designed to be flexible 


erough +> permit development of additional specialized sites to use 


B. OPERATING CHARACTERISTICS 


1. The machine is to be operated on a 4-shift (24 hrs/day, 7-day 


a) The accelerator proper is to be designed for minimm 
maintenance requirements. All auxiliary equipment, controls, etc.,are 
to be located in space well shielded from the accelerator to permit 
maintenance durirg fill operatior. 


. 


2. The radiation level in werk areas is intended to be less than 
30 m rem/week. 

3. The radiation level in areas outside the project boundaries is 
be less than 10 r/30 years. See appendix II-C for further details 


on radiation tolerance 


a 


C. THE PHASES OF DEVELOPMENT 


1. This propesal covers the construction of the accelerator, the 


associated laboratories, and the bombardment facilities (end static 


) 


B 


in two phases, Stage I and Stage II. 
The instalied power capacity, water circulation, and land require- 
ments for Soth phases are to be previded initially. The phases differ 


primarily ir (1) the nomber cf feed points of ref power (1.e., the number 
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* 
b 
4 
ct 


strons used to power the accelerator), and (2) the number of 
leveloped beam areas in the terminal facility (end station). The pri- 
mary differences are: 


Stage I Stage IT 


Number of klystrons supplying power 


to the accelerator 20 920 
Beam Energy 10220 Rev «»~45 Bev 
Repetition rate 360 cps 60 cps 
Number of developed beams 5 6 


2. The transition from Stage I to Stage II is to be achieved in a 


continuous manner without any major shutdown of the machine. 
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IV. Acceierator Specifications 


A. INTRODUCTION 


The machine specifications to follow have evclved from the design 
policies outlined in Section III of this proposal, and from other 
general considerations discussed in Sections I and II. It should be 
emphasized that the particular solution presented here is a possible 
and a realistic one based on a conservative extension of present accel- 
erator technology. No major attempt has been made to completely optimize 
the various designs at this time; rather a solution has been found which 
is technically feasible and which provides a reasonable basis for 
arriving at the cost estimates given in Section V. 

The degree of detail given in the specifications varies consider- 
ably. Some of the parameters are identical with those of existing 
components (e.g., the klystron specifications given in Appendix IV-B) 
and hence may be quoted rather precisely. Other specifications char- 
acteristic of the longer machine (e.g., instrumentation and control) 
are necessarily less exact, and are therefore presented in more general 
terms. 

The design is a logicai extension of the development of linear 
accelerators at Starford University since 1947. Much of this work has 
been reported in a summary article by Chodorew, Ginzton, Hansen, Kyhl, 
Neal and Rts The cost of microwave power sources is a major 


ecnsideration in selecting the power input vs length of the accelerator 


1 4 ae 
R.S.I. 26, 134, 1955. 


43633 O-—59 -21 
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for a given energy. Accordingly, this design incorporates klystron 
amplifiers at ratings of power output and useful tube life that are 
conservative by present experience. As tube performance improves, 
increased klystron power output will result in higher attainable beam 
energy. It is for this reason that we consider the proposed accelerator 
to be expandable in power rather than in length. The proposed length 

is 10,000 feet. 

For initial operation, the accelerator is to be powered by 2};0 
klystron amplifiers, each delivering 6 megawatts of peak power to the 
accelerator for a 2.5 micrcesecond duraticn at a reretition rate of 240 
pulses per second. The corresponding beam energy will be 10 Bev. These 
klystrons will be sealed-off versions of the tubes presently used by 
the Stanford machines, although some mechanical redesign will be neces- 
sary to facilitate mass production and to allow rapid interchange of 
the tubes. As tube techniques improve the klystrons will be operated 
at correspondingly higher power levels until an operating level in the 
vicinity of 22 megawatts is attained. Beam energy would then be 
approximately 2° Bev. At this point the number of klystrons powering 
the accelerator will be increased to 920, yielding a beam energy of 
45 Bev. However, the repetition rate will then be reduced to 60 pulses 


per second, so that the initial installed power capacity for Stage I 


operation will be adequate for Stage II operation. 
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B. DESCRIPTION OF THE PROPOSED ACCELERATOR 


The acceleratcr proper will be a 4-inch diameter disk-loaded copper 


waveguide made in 10-fcocot sections. For operational and tune-up purposes, 


she accelerator will be crganized into sectors nominally 250 feet long, 
such that each sector may te operated as an independent accelerator with 
its own gun and beam extraction system. The accelerator will be com- 
prised of 40 such sectors totaling 10,000 feet in length. 


The accelerator proper will be housed in a tunnel approximately 10 


feet in diameter. At the 10,000 foot point, the electron beam will be 


magnetically extracted ard distributed into various areas of the end 


station for experimental studies. 


Parallel to the accelerator tunnel, at a lateral distance of approxi- 
mately 35 feet, a second tunnel (the klystron tunnel) will house the 
klystrons, the klyetron modvlators, the vacuum pumps, the control 
equipment and other auxiliary equipment. All equipment that may need 
frequent servicing will be located in this kiystron tunnel since the 


machine will operate 24 hours per day. This proposed continuous operation 


necessitates that equipment iocated in the accelerator tunnel be built 
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and installed in a manner which will allow rapid servicing or replace- 


ment so as to minimize the "off" time of the accelerator. 

With the exception of certain routine adjustments such as tuning 
accelerator sectors or lubricating motors, all servicing shall consist 
of replacement of entire units or major parts of units. Trouble-shoot- 
ing and repair of extracted units will then be performed by technicians 
in a shop area outside of the tunnel. 

The main control area will be located in or adjacent to the klys- 
tron tunnel and will have instrumentation for controlling the 40 
sectors as integral units only. It will, however, also have rudimentary 
monitors for checking the performance of each klystron or of each major 
unit and will have a switch for turning each unit off or on. The 
actual number of operating controls for the accelerator, however, shall 
be minimized. 

A detailed description of the tunnels, their contents, and the 
control and instrumentation of the accelerator is given in Appendix IV-A. 

A summary of the Design Parameters of the proposed accelerator is 
given in the following tables. 


(See project data sheet for tables) 
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As previously noted, a site for the accelerator is available on 
Stanford-owned land which is being withheld from other use at the 
present time. While it is likely that the actual width of the accel- 
erator structure, consisting of the two parallel tunnels, would be 


about 70 feet, it is believed desirable to have available a strip of 







land 1000 feet wide for the first 10,000 feet. The area involved is 





230 acres. The beam extraction and experimental areas would increase 


the length to a total of 12,600 feet and would increase the area 















required by approximately 150 acres, making a total of 380 acres. A 
complete description of the site and building requirements is given 


in Appendix IV-C. 





C. THE BEAM EXTRACTION AND EXPERIMENTAL AREAS 


Since the primary purpose for building the accelerator is to pro- 
vide a beam of high energy electrons for the study of basic problems in - 
physics, the utility of the accelerator depends to a great extent upon 
the facilities provided for using the electron bean. 


In particular, there mist be a sufficient area available for 













research so that any foreseeable experiment can be performed. This 


requirement has teen met by the proposed site which provides about six 





million square feet of area for experimental purposes. 





Such a large 
available area greatly enhances the potential value of the accelerator. 


In addition to sufficient research space, it is important to provide 





as useful an electron beam as possible. Two considerations are signifi- 





cant in this respect. First, the electron beam should be small in cross- 


section, and its energy spread should be known and adjustable. Second, 





it is important shat the electron beam be readily delivered to different 
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experimental set-ups. This latter requirement is particularly important 
because of the large apparatus which will be used in the research pro- 
grams at mlti-Bev energies. Many weeks will be required to install such 
equipment, and an accelerator that could not deliver a beam to several 
different experimental locations would be severely limited in its useful- 
ness. A companion consideration to this is that radiation shielding 
between experimental areas should be sufficient so that workers may have 
access to one experimental location while the electron beam is being used 
at another location. 

A satisfactory fulfillment of all these requirements is obtained by 
using the beam-deflecting system shown in Fig.IV-L This system has been 
termed "The Beam Switchyard."” The Beam Switchyard delivers four doubly- 
deflected beams plus the undeflected beam. The doubly-deflected beams 
have been energy analyzed and may be directed to any experimental appara- 
tus along their paths. The importance of the second deflection is to 
clear the beam of neutral radiation produced at the energy-defining slits. 
The beams are sufficiently separated so that adequate shielding can be 
installed around the various experimental locations. Such double-deflec- 
ious systems are now being satisfactorily operated at Stanford.??* 

In order to adequately plan the Beam Switchyard and the experimen- 
tal area beyond (to be called "The End Station"), some possible experi- 
ments have to be considered. From the point of view of shielding (and 
hence, to a large extent, of the geometry of the experiment) there are 
two types of experiments: thick target, and thin target. In the thick- 
target case, there mst be adequate shielding around the target (~ 22 ft 


of concrete, see Appendix II-C). In the thin-target case, it is only 


Wy. K. H. Panofsky and J. A. McIntyre, Rev. Sc. Inst. 25, 287 (1954). 
ex. L. Brown, Rev. Sc. Inst. 27, 959 (1956). 
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necessary to provide that personnel not be struck by the beam; therefore 
heavy shielding is not usually required. The importance of this experi- 
mentally is that counting apparatus may then be rotated about the thin 
target without interference from an intervening shielding wall. 

Allowance has been made for both types of experiments. The three 
center electron beams are covered by an experimental building (main test 
house) with shielding placed around the beams (see Fig. IV-2). Thick targets 
may be placed in the beams at any point in the building. The building is 
quite long (400 ft) because the 90° center-of-mass angle transforms to 12° 


at 45 Bev. Thus, for example, an anti-proton beam produced by a thick 


target would emerge at about 12°, and a long building is required if the 


beam is to be utilized. A 100-ton crane with 75 ft overhead clearance 
covers the entire building for handling of the shielding and magnets. 

The two outer beams leaving the Beam Switchyard are reserved for thin 
target experiments. In these experiments a double-focusing magnetic sys- 
tem would be mounted on a carriage that can be rotated about the target. 
For the left-hand beam a 200-ft radius area is available for electron 
scattering at 15 Bev, or for other thin target experiments (see Fig. IV-2). 
The 600 ft radius area reserved for the extreme right-hand beam would be 


suitable for 45 Bev electron-scattering experiments. 
D. CONSTRUCTION PROGRAM 


While it was necessary to consider initially the many possible 
experiments that might be conducted with the accelerator in order to 
select an appropriate research site, there is no immediate need to plan 
for complete development of the research area. On the contrary, because 


of the rapid development of research techniques it seems unwise to plan 
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in any more detail than necessary the research that would be undertaken 


eight or more years from now. Consequently, only an initial program is 


will be proposed at this time. This program will be designated Stage I, 


and the rest of the research area development will take place as experi- ne 
ments are designed. Thus, development of the research area will proceed up 
on a continuous basis. sy 

The facilities to be developed are indicated in Fig.IV-2. The unshaded col 
areas are those planned for initial installation. This comprises the fa 
following: & : 

1. The undeflected beam. col 


2. The left doubly-deflected beam. This includes all of the magnets 
in this beam, as shown in Fig. IV-], However, the deflection system for 
the extreme left-hand beam will not be extended beyond the last deflecting 
magnet until the 200 ft spectrometer is designed. The other left-hand 
beam entering the main test house will be developed however. The magnets 
for the deflected beams are to be built for the maximum energy of 45 Bev, 
even though the accelerator will not deliver this energy initially. 

This procedure is proposed so that the entire deflecting system will 

not have to be dismantled in the future when the accelerator energy is 
slowly increased to its maximum value. Since the beam is small in cross- 
section, the magnet apertures are small; as a result, the 45 Bev mag- 
nets are not prohibitively costly. Also, precise energy control of the 
beam is desired so that the only feasible deflecting system appears to 
be the conventional iron magnets, even extrapolating ten to fifteen 
years into the future. 

3. The main test house. Since two of the three beams entering the 


house are to be developed initially, it seems advisable to build the 


entire house in Stage I. 
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4, Beam shielding in the test house for the developed beams. This 
is expensive but essential for safety. 


The initial development of the Beam Switchyard and End Station is a 
necessary complement to the accelerator construction. In order to tune 
up and evaluate the accelerator performance, for example, a deflecting 
system is required. Also, if there is not to be a long delay between the 
completion of the accelerator and the inauguration of research, a research 
facility must be available at the time of accelerator completion. Such 


a facility is represented by the development proposed here for Stage I 


construction. 
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V. Construction Cost Estimates 


This section is concerned with the estimating of costs for develop- 
ing (1) a 2-mile long accelerator, powered by 480 6-Mw klystrons, with a 
beam-switching system ard target areas, (2) the site, with tunnels, 
buildings, outdoor utility areas and the necessary general facilities, 
and (3) utilities and space for research operation. It does net include 
any costs of research operations or of specific research equipment; 
these are discussed in Section VI. 

We were exceedingly fortunate in obtaining the contribution of 
extensive assistance from the Utah Construction Company and the Bechtel 
Corporation with respect to site and plant. Each firm consulted with us 
about our specifications, studied the civil and geological aspects of the 
various sites at Stanford, advised us concerning the best ways of using 
the site selected, and prepared cost estimates of the buildings and 
grounds development. Bechtel Corporation concentrated its attention on 
preparing a plan which used cut-and-fill construction to house the accel- 
erator for most of its length, whereas the Utah Construction Company 
developed the accelerator housing by tunneling. The staff preferred the 
tunnel scheme, and so tne estimates of plant development given in this 
proposal are those which were prepared by Utah. 

Valuable suggestions concerning the development of the End Station 
target house and area were made by Bechtel Corporation. The staff in- 
cluded these in their specifications to Utah, and they are reflected in 
the latter's cos%s. 

The site and pliant costs may de presumed to be the most reliable 


estimates in our propesal, since they were given by a competent firm with 





— 
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a large experience. Several comments need to be made about the other 
estimates. 

Klystron costs were developed by the Stanford group. A study of 
commercial production costs, made at our request by Varian Associates, 
tends to support our own estimate. We thus believe the klystron figures 
to be reliable. 

The estimates on accelerator construction are based on extrapcla- 
tions from the cost information, often incomplete, accumulated in the 
building of the following accelerators, all developed at Stanford: 


Mark II (38 Mev), Mark III (700 Mev), Mark IV (8 Mev), Stanford Hospi 


tal (6 Mev), Michael Reese Hospital (25 Mev), and Argonne Memorial 
Hospital (50 Mev). We have not been able to explore more than super- 
ficially the possibility of reducing the cost of building the accel- 
erator by means of specialized tooling for quantity production instead 
of using techniques we have used in our shops. It seems probable that 
a large saving could be made this way, but a study of this mst neces- 
sarily follow rather than precede authorization of the project. 

Again, we have not had enough experience with escalation costs in 
technical development work to consider ourselves competent to estimate 
their effect on the cost of designing, building and testing a large 
accelerator beginning, say, two years hence and finishing six years 
later. The Utah estimetes do include a cost escalation Pactor; those 
estimates which we have prepared do not on the whole, out it is our 
telief that the absence of such a factor is more than offset by the 
absence of a discount for specialized tooling for quantity production. 
The only escalation used in our staff figures is in the average rates 
used for ster? labor. These are an extrapolaticn to 1960 from current 


rates in the Stanford area. 
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The estimates reflect three simple premises. One is that the 
project would be a Stanvtord University project. Another is that its 
size and character would require it to be largely self-sufficient. The 
third is that Stanford would conduct it under agreements with the 
sponsoring agency which would involve no financial gain or loss to the 
University. In this connection there will be certain costs to be 
covered which are not included in our estimates. It seems pointless 


to attempt to state these now. They would be identified and evaluated 


by both perties during negotiation of a sponsoring instrument, and could 


not conceivably represent any significantly large part of the total cost. 
Finally, we have attempted to show in the estimates all of the 
information which we believe is needed for an appraisal of the project. 
We have not included any cost detail for the sole purpose of justifying 
or assisting the verification of our estimating work, and we have not 
attempted to predict or anticipate all of the possible questions which 


interested parties may raise. 
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Inasmich as the estimating committees prepared their labor require- 
ments as actual work hours, these have been extended by factors to 
cover vacations and sick leave, supervision and general tool maintenance 
for the various groups of technicians, and are so reported in the esti- 
mates. This was not done in the case of engineers or of administrators 
and assistants, where the number required was stated on an over-all 
basis. Holidays have been excluded from the number of labor hours in 
@& labor man-year. 

Costs of all kinds have been listed under one of two categories: 
Purchases, or Staff Labor. By purchases we mean materials or services, 
including labor at times, to be procured from others by means of purchase 
orders or subcontracts. Staff Labor refers to labor to be supplied by 
persons to be employed by Stanford on the staff of the project. The 
decision whether to accomplish certain work by Staff Labor or by Purchases 
was determined in general by the availability of an adequate commercial 
source, or according to the importance of direct communications between 
the engineering staff and the technicians. In some cases, however, the 
decision was quite arbitrary. It follows that the division of costs 
between the two categories represents merely the best present estimate. 

Assuming for the moment that the estimate of staff labor required 
is reasonable, it will be apparent (Schedule E) that it has not been 
considered important at this time to engage in scheduling work in detail 
in such a way as to provide a more nearly constant level of staff during 
the construction period. One part, however--the personnel for adminis- 
tration and general services--has been estimated so that, at full comple- 
ment, it would provide for either a reasonably averaged full construction 


effort or for a research operations requirement. 
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SCHEDULE A-1 


GENERAL DESIGN, ENGINEERING AND TEST 


Staff labor hours: 


Engineers: 
General specifications 
Klystron tubes and factory 
Power supply design 
Control and instrumcntaticn 
Specific design and components testing 


Supporting staff: 


Draftsmen 380 ,250 
Laboratory technicians 1,342 ,283 
Machinists 380 ,250 
Electricians 190 ,125 
Electronics technicians 190,125 
2 , 483 ,033 
@ $3.25 avg. 

Purchases 
Memo, total hours 290 ,177 


43633 O—59——22 


333 


$ 3,430,362 


8,069 857 
11,500,219 


1,990 ,000 


$13,490,219 
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SUMMARY 





CONSTRUCTION COST ESTIMATE 


Staff 
Labor 


A. Accelerator design, fabrication 
and test: 


1. General design, engineering 
and test 


2. Power facilities 3,835 ,000 
3. Prototype units 651,310 
4, Accelerator proper 3,386,906 
5. Klystron amplifiers, 6 Mw 1,431,586 
6. Beam Switchyard and End Station 244,93 
7. Control and instrumentation 1,395,410 
22 445 374 
B. Equipment: 
1. Fabrication and test equipment 338 ,026 
2. Hauling and handling equipment --- 
3. Furniture, storage and office 
equipment oor 
338 ,026 


C. Administration and general services 3,967,072 


D. Tunnels, buildings and grounds 


development ose 
E. Reimbursement to University for 
other costs * 
TOTAL- 


F. Memo: 


The costs of additional work to 
attain a fully complemented acceler- 
ator for Stage IE level operation 
are not developed in full. The costs 
which have been estimated, and which 





exclude space needs, equipment other 

than fabrication and + ear, cost 

of administration a eral services, 

or other University » are as 

follows: 

Components fabricetion « instal- 

lation $5, 7> 

Fabrication and test ment 4,960 
$5,562,074 


"to be determined by negotiation. 
+For staff labor and cost analyses, 


Purchases 


7,213,000 
902 ,500 
3,040 ,000 
1,187,880 
505 ,030 
5,352,813 


20,191,223 


4,661,974 
974,000 


310 ,000 
5 945,974 


3,511,000 
21,672,000 


$3,680,353 
49, 482 
$3,729,834 


Total 
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Ref. 
Schedule 


$11,500,219 $1,990,000 $13,490,219 Ae! 


11,048,000 A+? 
1,553,810 A+} 
6,426,906 Agi 
2,619,466 A- 

T49,97TS = Act 

8,748,225 Ae! 

42 636,597 
5,000,000 Bel 

974,000 Be? 

310,000 _ = B} 
6,284 ,000 
7,478,072 ¢ 


21,672,000 D 


* - 





$26, 750,472+ $51,320,197 $78,070 , 669 


4 hyd 
$9,291,908 F 


$9,137 67 
—_ 154, At 


Schedules E, E-l, E-2 and E-3 








P. G. and E. line 
Substations 

 ICKV feeders 

DC cable, accclerator 


Modulators and power cupplics 


Special wiring 


Components and installation 
Reinforced removable ferrite 
concrete shielding 
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SCHEDULE A-2 
POWER FACILITIES 


Purchases 


$ 310,000 
1,338,000 
220 ,COO 

10 ,000 
4,020 ,000 


715 ,000 


SCHEDULE A-3 
PROTOTYPE UNITS 


Purchases 


$ 520,000 


382 ,500 





ACCELERATOR 


Staff 
Labor 
Hours 


5 ,000 

1,006,250 

168,750 

$ 7,213,000 1,180 ,000 


@$3.25 avg. 


3,835 ,000 - 
$11,048,000 
Staff 
Labor 
Hours 
200 , 403 
$ 902,500 200 , 403 


@$3.25 avg. 


+ 


651,310 


$ 1,553,810 





50 
50 
OO 


ve 
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03 


03 


avg. 
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SCHEDULE A-4 
CCELERATOR PROPER 


@ 


Purchases 
Accelerator structvre with vacuum 
and water cooling (fatricatiox, 
component testing and 
installatior): 
Acceleratcr pipe $ 439,000 
r-f couplers 21,500 
Waveguide section: 467,500 
Windows 2,000 
Vacuum manifold 251 ,00C 
Cooling water manifc22 164,000 
Accelerator support 53.000 
Cooling water recirculaticn 
system 1,620 ,000 
$3,040 ,000 
3,386,906 
$6,426,906 
SCHEDULE A-5 


KLYSTRON AMPLIFIERS 


Purchases 


Klystron lifier tutes, 6 Mw 
(fabrication and processing): 


630 Klystrons (approx. i 1/3 
initial complement ) 
480 Shields and focusing ccils 


$ 441,000 
746, 880 


$1,187,886 


1,432,586 
$2,619,466 


Memo: Klystrons for prototype accelerators are 
not funded bere, Dut under Prototypes. 


Staff 
Labor 


Hours 


654,000 
96,250 
68,125 
5¢ ,000 
58,750 
58,750 
50,000 


6,250 


1,042 ,125 


$3.25 ave. 


- 


Staff 
Labor 
Hours 
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SCHEDULE A-6 





BEAM SWITCHYARD AND END STATION 


Purchases 

Deflection system $ 254,750 

Vacuum system 134,280 

Signal and commnications 78,500 

Cooling water recirculation system 37,500 
SCHEDULE A-7 


$ 505,030 


244,943 
$ 749,973 


CONTROL AND INSTRUMENTATION 


Purchases 
Consoles and wiring $ 574,143 
r-f system 2,577,830 
Trigger systems 76,400 
Inflection and deflection systems 544,000 
Auxiliary systems 1,580,440 


$5,352,813 


1,395,410 
$6,748,223 


ACCELERATOR 


75,367 


95 


@ $3.25 avg. 


- 


Staff 
Labor 
Hours 


340 , 757 
19 ,500 
2,500 
29 ,000 
37,600 


429 ,357 
@ $3.25 avg. 


- 
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SCHEDULE B-1 
FABRICATION AND TEST EQUIPMENT 


Staff 
Labor 
Purchases Hours 
! A. Klystron factcry: 
Parts fabrication and inspection 
i. shops $ 422,000 2,750 
7 Tube assembly 162,150 8,014 
AVE. Tube processing 363,000 753573 
Air conditioning and ventilation 35 ,000 - 
$ 972,150 &6,339 
@ $3.25 avg. 
280 , 602 - 
1,252,752 
B. Accelerator prcper: 
Electroforming facilities 364,450 
Machine tools 424,600 
ref test equipment 37,200 
Air conditioning 1,00C 
Installation [0,675 37.6 
897,925 a 17,669 
© $3.25 ave. 
“ 21424 
0 955,349 
O 
0 
0 C. All other fabrication and test equipment _2,791,899 
7 $5 ,000 ,000 
avg. 
Recapitulatior: 
Purchases $4,661,974 
Labor, hours and cest 104,008 © $3.25 338 ,026 


$5 ,000 ,000 
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SCHEDULE B-2 
HAULING AND HANDLING EQUIPMENT 


Overhead cranes and trolleys, End Station 
test house, Beam Switchyard, and Research 
Machine Shop (Utah Construction Company 
estimate ) 


Overhead crane, rails and supports, 
Prototypes Lab. (not specified to Utah Co.) 


Tunnel transportation, battery operated 
vehicles (Utah Construction Co. estimate) 


Trucks, fork lifts, etc. 


SCHEDULE B-3 


FURNITURE STORAGE AND 
OFFICE EQUIPMENT 


Bookkeeping machines, calculators, etc., 
for Accounting Office 


Calculators, etc., for other administrative 
and general services 


Furniture, cabinets, racks, shelving, and 
office equipment 


Purchases 


$ 879,700 


20 ,000 


4h , 500 


30 ,000 


$ 974,000 


Purchases 


$ 45,000 


10 ,000 


255 ,000 
$ 310,000 
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SCHEDULE C 


ADMINTSTRATION AND GENERAL SERVICES 


Administrators, assistants and section 





heads, $3.45 hr. avg., 354,900 hours $1,224,405 
Secretaries, clerks, helpers, 
$2.10 hr. avg. 1,306,952 . 2,7h2 66 
1,660,932 =" 


QASI tax and compensation insurance costs 
Group life insurance and retirement plan costs 
Plant security posts 


" Plant maintenance costs 


Communications 
Other operating costs 
Travel 


625 ,000 
450 ,000 
364,000 
875 ,000 
287,000 


110,000 


339 


$3,967,072 


3,311,000 


$7,478,072 
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SCHEDULE D 


TUNNELS, BUILDINGS AND GROUNDS DEVELOPMENT* 


Estimated by 


UTAH CONSTRUCTION COMPANY, SAN FRANCISCO, MARCH 8, 1957 


1. Engineering and Design: 


¢} 


Engineering, design and architectural 
Geological surveys and explorations 


2. Underground Construction: 


(a) 


Klystron tunnel 
Accelerator tunnel 


Cross drifts and connections between 


klystron and accelerator tunnels 


Ventilation shafts 


Tunnel work in switchyard area 


3. Plant and Surface Construction: 


a 
b) 
(c) 


(a) 


Page Mill Road crossing 
Open cut work at 10,000-ft. point 
Open cut work for End Station 


Building Construction: *3 - Ft. 


l, Unfinished warehouse 


2. Semi-finished warehouse 35,000 


3. Special warehouse 
(target house ) 200 ,000 
4, Shop space TT,000 
5. Laboratory space 42 ,000 
6. Offices 24,000 
393 500 


Shielding Bunkers: 
1. Inside target house 
2. Steel culvert and backfill 


Outdoor Utility Areas 
Parking Area 
Roadways, setbecks, etc. 


4, General: 


(e) 


Site preparation, facilities, etc. 
Security fenciag 

Tunnel lighting 

Site and Security lighting 
Landscaping and planting 


TOTAL - 


» 
For description, see Appendix IV-C. 


$ 365,000 
40 ,O00 


, 


685 ,000 


93 ,000 
445 ,000 


2,720,000 
1,113,000 
885 ,000 


546 ,000 


2,000 ,000 


425 ,000 


$1,094,300 


23,000 
$ 1,147,300 


5 5980 ,000 
1,930 ,000 
1,160,000 

110,000 


297,000 
9,477,000 


1,090,000 


5 ,802 ,000 


2,425,000 
485 ,000 
45 ,000 


10,137,000 
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General design, 
engineering and 
tests 

Power facilities 
Prototype units 
Accelerator proper 


Klystron amplifiers 


Beam Switchyard and 
End Station 


Control and 
instrumentation 


Fabrication and 
test equipment 


Administration and 
general services 


Total staff - 


Percentage - 


ESTIMATED LABOR USE SCHEDULE 


SCHEDULE E 


IN MAN YEARS 


ACCELERATOR 
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Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Total 


78 


83 


18 
101 


206 288 356 


S 


120 220 


30 4O 20 


0 0 206 
0 21 88 
0 0 18 
0 21 8h 
34 17 0 
3530 507 992 
89 178 178 

hig = 685.—«1,170 


347 
180 
4 
206 
88 


19 


84 


347 


24 


495 


178 
673 


17 


1,622 
582 


99 
514 


217 


37 


213 


D1 


35339 


819 
415% 


100 
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SCHEDULE E-2 


CONSTRUCTION STAFF LABOR* TRADES ANALYSIS 


Engineers 

Machinists 

Welders and brazers 
Electroplaters 

Tube technicians 
laboratory technicians 
Electricians 
Electronics technicians 
Accelerator technicians 
Plumbers 

Steel and sheet metal men 
Riggers 


Draftsmen 





Hours 
807, L44 
1,886 ,867 
52,225 
16,813 
231,052 
1,342,283 
1,042 ,036 
332,502 
101,995 
23,667 
541,438 
3,653 


380 ,250 
6,761,925 


ACCELERATOR 


343 


Man Years 


398 
930 


26 


114 


514 


164 


30 


267 


+ 
labor for development of tunnels, buildings and grounds is not 
For analysis of administration 


included: subcontract work. 
and general services labor, see Schedule E-3. 
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SCHEDULE E-1 





ACCELERATOR 


SUMMARY, LABOR HOURS AND COST 
OTHER THAN ADMINISTRATION AND GENERAL SERVICES* 


Hours 
a. Gen. design, eng. and 
test-Professional 807,144 
b. Gen. design, eng. and 
test-Technical 2,483,033 
3,290,177 
Power facilities 1,180 ,000 
Prototype units 209 , 403 
Accelerator proper 1,042,125 
Klystron amplifiers 4hO , 488 
Beam Switchyard and End Station 75 » 367 
Control and instrumentation 429 ,357 
Fabrication and test equipment 104,008 
Hours @$3.25 5,954, 781 
Hours @$4.25 807,144 
TOTAL - 6,761,925 


Rate 


$4.25 
3.25 


Cost 


$ 3,430,362 


8,069,857 
11,500,219 


3,835 ,000 
651,310 
3,386,906 
1,431,586 
244,943 
1,395,410 
338,026 
19,353,038 
3,430, 362 


$22 , 783, 400 


"Buildings and Grounds Development excluded: subcontract work. 


Acc 


Pl 


Rig 


- 
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SCHEDULE F 


ADDITIONAL COSTS OF CONSTRUCTION 
OF ACCELERATOR TO STAGE II LEVEL 


e 


A. Components fabrication and installation: 


l. Power facilities: 
Substations 


DC cable, accelerator 
Modulators and power supplies 


Control and instrumentation: 
Consoles and wiring 

r-f system 

Auxiliary systems 


1,676,384 254056 


©$3.25 avg. 
81,4 - 
1,757,816 


Klystron amplifier tubes: 
630 Klystrons (440 + spares) 4k ,000 435,488 
440 Shields and focusing coils 684,640 


é i 
1,125,640 139,886 


@$3.25 avg. 
1,429 636 + 
2,555 ,27 


Sub-total (A) - 9,157,467 


3. Fabrication and test equipment: 
Klystron processing stations 15,225 


84,960 ©$3.25 avg. 
49,481 - 


Sub-total (B) - 34, 
TOTAL - $9,291,908 


Yo. 
9 

9 

3 

10 
25 
ho 

6 

3 

3 

4 

) 

22 
20 

4 

2 

-_ 
176 


Memo: The costs of additional work to attain a fully complemented accel- 
erator for Stage II level operation are not developed in full. 
The costs which have been estimated exclude space needs, equipment 
other than fabrication and test gear, cost of administration and 
general services, or other University costs. 
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SCHEDULE E-5 
LABOR, ADMINISTRATION AND GENERAL SERVICES 


Full complement, per year: 


Administrators Secretaries, 
and Assistants Clerks, helpers 


Hours No. No. 


Director's Office 6,084 
Business Office 6,084 
Legal Office 2,028 a 
Personnel Office 10,140 5 
Purchasing Office 20,280 10 
Accounting Office 8,112 
Budgets and estimating 6,084 
“Property control 6,084 
Library 2,028 
Photography and duplicating 2,028 
elephone and mail - 
Staff secretaries - 
"Receiving, delivery and stores 2,028 
"Safety and first aid 2,028 
Mobile stock maintenance - 
Information 4,056 


wr 
OV AUMIVIN OO 


ve 


Rrra tr RPUUe 


4,056 
2,028 


TOTAL, One Year - 77,064 38 283,920 10 


rm 


Estimated need, 
construction period: 

Year 1 ~ 10% 8,112 28,392 
Year 2 ~ 50% 38 532 141,960 
Year 3 100% TT ,064 283,920 
Year , 100% TT ,064 283,920 
Year 5 100% TT,064 283 ,920 
Year 6 100% TT ,06% 283,920 


Total 


Hours 


a 


18,252 


360,984 178 


TOTAL, Six Years - 354,900 175 1,306,032 


cs 
3-shift operation needed 
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VI. : 1 erating Cost Estimate 
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his section presents an analysis of the operating costs of the two- 
mile electron linear accelerator onze it has atteined regular operation 
for research purpeses. These costs de not constitzte a part of this 
proposal but are included for reference, so that the long-range commit- 
ments involved in undertaking this construction project may be evaluated. 

The main body of the proposal and the cost estimates of Section V 
cover the following items: (a) development of the site, plant and general 
facilities; (b) construction of the accelerator; (c) target areas and 
beam-switching magnets. The main body does not contain specific items of 
experimental equipment although some fabrication and test equipment used 
in the construction of the machine might be useful to research afterwards. 
It is intended that such additional experimental equipment be built up 
under the operating budget. 

This section is not concerned with the detailed transition from the 
construction to the operating budget. We feel that the timing of this 
transition would depend on a large number of circumstances which are not 
predictable at this time. Hence the cost estimates give only an annual 
rate of expenditure once full operation is reached. 

Cost estimates are based on Phase I opera%ion (15-30 Bev). The 
transition to Phase II is predicated on the expected lessening of r-f 
power costs and will be undertaken only if this expectetion is realized. 
Hence Phase II operating costs are nco*+ expected to tbe materially different 
from those of Phase I, bu~ cannct now be analyzed. 


In setting specifications for the machine parameters, we have taken 


the operating costs over a ten-year period into account in arriving at 





e 
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optimum design figures; in this sense, analysis of the operating costs 
is a part of the design of the accelerator. 

To a large extent, operating costs depend on the volume of research 
work to be supported and the energy ard current of the accelerator, 
rather than on the detailed desigr of the accelerator or even +he type of 
accelerator. This operating budget, therefore, should not be viewed as 
being related in a very direct way to the specific machine, but as an 
indication of the cost of carrying or work in this energy and current 
region. 

The only item which is specifically a singular cost of a linear 
accelerator of this type is the klystron costs, which are estimated at 
about $1,700,000 a year; large as it is, this item is far from being the 
dominating cost in the operation of an accelerator. 

Operating costs are basically divisibie into the following classes: 
A. Regular, continuing costs: 

1. Machine operation 
2. Costs of the research program 
B. Non-recurrent costs of maior capital improvements, e.g.: 
1. Construction funds for machine, site and factlities improvements 
2. Costs of single large pieces of research equipment (large bubble 
chamber, magnets, etc.) 

It ic clearly impossible to estimate the 'ncn-recurrent' improvement 
items on a rational basis at this time; but in predicting the long-range 
operating costs invoived in this propcesal it would also be misleading to 
ignore them. The costs included in these categories are based on extre- 
polation of the operating experience of the Bevatror, Cosmotron, and 
Stanford Mark III linear accelerator rether than on items of research 


equipment known at this tire. 
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Regular operating costs are based on (a) extrapolation of the Stanfor: 
experience; (b) analysis of klystron production costs (a study of possit), 
commercial production costs, which was made at our request by Varian Assoc. 
iates, tends to support our own estimates); (c) direct analysis of power 
and other utility requirements of the specific installation; (a) scienti-. 
fic equipment costs based on Stanford and UCRL experience. Costs are 


estimated in terms of wage scales extrapolated to 1960, in conformity with 


the practice adopted in the construction budget. 
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SUMMARY 


ACCELERATOR 


RESEARCH OPERATING 
COST ESTIMATE (ANNUAL) 


Machine operation and 
maintenance 


Research 820,000 


Large research equipment, 


1/2 of 2-yr. budget 2,600 ,000 

Capital improvements, 

1/4 of heyr. budget 1,675,000 
9,100 ,000 

Administration and 

general services 877 , O49 

Reimbursement to University 

for other costs, to be 

determined by negctiation * 


TOTAL - $ 9,977,049 


43633 O—59——23 


3 509,606 


826 ,000 





$ 5,830,000 


2,504,600 


2,600 ,000 


1,675 ,000 
12 ,609 ,600 


1,703,049 


$14,312,649 


* See explanation, next to last paragraph of introduction to Section V. 
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ACCELERATOR 


RESEARCH OPERATING COST 


Machine operation and maintenance: 


vb. 


Klystron factory: 
50 Tube technicians 


10 Electroplaters and other specialists 


6 Draftsmen - engineers 


25 Technicians - baking and processing 


25 Machinists and brazers 
Tié6 


Materials and equipment 


Other machine costs: 

Lé Accelerator operators 
50 Machinists and brazers 
a Accelerator technicians 

159 


Pover 
Other materials and equipment 


2B Sub-total - 


Research: 


10 Senior physicists 

4O Junior physicists 

62 Machinists and brazers 

25 Research technicians 

25 Electronics technicians 

25 Electricians, installation 

25 = » maintenance 
8 Engineers 

31 Draftsme 

23 Laborers 


Power 
Other materials and equipment 


= Sub-total - 


large research equipment: 


Two-year budget: 
Large magnetic spectrometer 
Bubble chamber, or equivalent 
Research magnets 
Other 


x 50% anmualiy - 


$330 ,000 
66,000 
39,600 

165 ,000 


165 ,000 


$ 765,600 
5 ,000 


1,694,600 
210,000 


600 ,000 


1,200 ,000 
2,000 ,000 
1,000 ,000 
1,000 ,000 


5,200 ,000 


$1, 750 ,600 


5,830,000 


2,504, 600 t 


2,600 ,000 


154-hour a day, 365 days a year operation, crews of 10 men, plus fill-ins. 


eoh-hour a day, 365 days a year operation, crews of 5 men, plus fill-ins. 
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j 4, Capital improvements - plant and machine: 
Four-year budget: 

Additional observation house $1,500 ,000 

} DC Generators 200 ,000 

Machine improvements 2,000 ,000 

Shielding changes, End Station 3,000 ,000 

6,700 ,000 


x 25% annually - $ 1,675,000 
5. Administration and general services: 
30 Administrators, assistants, 


section heads $266,000 
140 Secretaries, clerks, helpers 560 ,000 


826,000 

600 OQASI tax and compensation insurance 106,515 
7 Group life insurance and retirement 

plan costs 126,534 

Plant security posts (3) 84,000 

Plant maintenance costs 280 ,000 

Communications 60,000 

} Other operating costs 200 ,000 

Travel 20 ,000 


877,049 
Sub-total - 1,703,049 


TOTAL (except other Univ. costs”) - $14,312,649 


3 
13 


Javerage rates used: 
Senior physicists $ 10 
Junior physicists 4 
Engineers 8 
Administrators, assistants, section heads 7 
Laborers, secretaries, clerks, helpers 4 
All others 6 


4 
i 600 See entry 6 on SUMMARY SHEET. 


0,000 





352 STANFORD LINEAR ELECTRON ACCELERATOR 


APPENDIX II-A 


Factors Affecting Choice of Wavelength 


The choice of wavelength in the proposed accelerator is governed 
by many considerations, including of course a natural conservatism in 
undertaking a program of this size. 

A detailed analysis (applying primarily to low-energy accelerators 
{ < 10 Mev}) af the wavelength choice for electron accelerators has been 
given by Chu and Ginzton (MI-274). We shall discuss here only the more 
general factors; in particular, we shall ignore questions involving optimm 
choice of ‘internal parameters' such as disk spacing and dimensions, op- 
timum number of feed points, power recirculation vs no power circulation, 
etc. 

Ignoring such detailed questions, the scaling laws are as given in 
Table II-A-l1. Obviously there is no single ‘figure of merit' that can be 
formally maximized as a function of the wavelength. The competing elements 
are, primarily: (a) High current and longer duty cycle favor longer i. 

(>) Longer \ is expensive in power and energy storage, and is also more 
limiting in terms of maximm gradient. 

Hence the choice of wavelength in a high-energy machine is limited 
basically in the direction of large \X by the price one is willing to pay for 


high current; in the direction of small A by whether the machine can be 


built at all considering power sources and mechanical tolerances. 





i ili i ee a i a a ee 
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APPENDIX II-B. 


Beam ics 


A. GENERAL CONSIDERATIONS 


We shall not present here & comprehensive consideration of the beam 
dynamics of the electron linear accelerator; for details, the reader is 
referred to the publications of Chu (MI-140), Chu and Hansen (J. App. Phys.), 
Chodorow et al. (Rev. Sci. Instr. 26, 134 (1955)}, and Smars (MI-252). 

From these and other papers the following relevant facts emerge: 

1) With the exception of the first few (not completely relativistic) 
sections of a linear accelerator, the motion is longitudinally neutral, 
i.e., neither phase stable nor phase unstable; the relative phase between 
particle and fields depends on the accuracy of control of the phase and 
phase velocity within the accelerating structure and the other radio fre- 
quency components. 

2) In the non-relativistic section, phase stability and bunching 
action are attainable at the expense of radial defocusing. This defocusing 
can be counteracted by external weak or strong focusing lenses. 

3) No complete analysis has been made of the theoretical phase accept- 
ance cf the non-relativistic entrance section of an electron linear accel- 
erator with external lens focusing which takes into account the coupling 
between longitudinal and radial dynamics. Analyses of particular cases 
have shown that a phase acceptance in excess of 120° is easily possible; 


final miching angles depend on the feasible length of the non-relativistic 


section. | 





sing 


cept- 
el- 
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4) The current capacity of an electron accelerator (particularly 
at short wavelength) is limited by electron beam loading. In an accelera- 
tor specifically designed for highest current operation, very heavily 
loaded operation is possible; in this Proposal a loading of the order of 
10% is adopted. 

5) An ideal continuous linear accelerator guiding electrons approach- 
ing the velocity of light has very simple properties regarding the radial 
behavior of the beam. The radial electric force is balanced by a magnetic 
force which is wl times the electric force, where 8 is the particle 
velocity in units of the velocity of light. As the result, the radial 
momentum is very nearly a constant of the motion of the particles; since 
the longitudinal momentum increases linearly with the axial distance, the 
angle of the beam with the axis varies as yt and the beam radius increases 
logarithmically with the axial distance. 

6) The logarithmic radial divergence does not lead to a serious 
beam loss. Also, residual gas scattering effects are small. In addition, 
very small strong-focusing lenses are sufficient to reduce these residual 
losses to zero; such lenses lead, however, to somewhat increased final 


angular divergence (for details see ML-202). 


B. SPECIFIC PROBLEMS OF INTEREST IN A VERY LONG ACCELERATOR 


l. The Effect of Phase Errors and Nonuniform Accelerating Fields on the 
Radial Dynamics. Let us use x and r for the axial and radial variables, 
and adopt the notation: 


s 


n 


z/r, 


r/r, 


B = phase velocity of fields in guide, 
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a(z) «= ME / mc; 


6) 
—_—~ 
N 
~~ 
u 


crest value of electric field, 
m,¢ = rest energy of particle, 


6 = phase angle of particle relative to crest 
(@ > 0 for particle ahead of crest); 


let a dot over a letter denote }/ {¢. ‘The radial equation, neglecting 
space charge and correct to linear terms in n, but otherwise independent 


of field shape (assumed only to have axial symmetry), is {see Ey. (6.59b), 
ML-140); 


ad . Tay ln Qa 


—(rn) = sihee Ch» B CY aw 5 ou cok ame. (1) 
at we t20 


> C 

We shall not assume that 8, the phase velocity in the guide, will tend to 
unity; instead, we will assume (as corresponds to the real situation) 
that 68 will be governed by the imperfections in the guide structure. How- 


ever, 6 and the phase angle are related by 


ae -=): (2) 


Simplifying and ignoring the radial variation of a@ (which would only affect 


d 6 


nonlinear terms in n, which are already neglected), we obtain in the 


Limit of C-—— 1, 


a 4 lay Tan 
anime Tr (an 208 #) + = — (a coe @) + ota 0 (3) 


2at 


(yn) = - 


mole 


a ad 


vv 
vy 


The last term is the usual term giving a radial focusing or defocusing 


term depending linearly on the radial variable but varying as * due to 


the near cancellation of electric and magnetic fields. We will not 





), 


(2) 


(2) 


rect 


(3) 
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consider this term further since its effect has been discussed. The 


remaining terms become: 


— + iy n+-—@n cos @|=+—-— (a@cos 6). (4) 
C ede 


TL. 2 Fee 
a 


Let us integrate this expression over the full length of the accelerator, 


starting and ending in field-free space: 


final 
¥ £ 1 ay 
(T Wegner = (T Venstaar * — 3 @cos @—— at (5) 
2 initial ac 


‘ Y 
final 

(y instier * ? : (Nenad ~ “initia? (8) 
final 


since @ cos @ is the energy gain per wavelength. Hence the effect of 
field nonuniformities and phase variations is equivalent to a final beam 


divergence corresponding to a focal length given by 


Ls? «2 3/34 (7) 


where L is the length of the entire machine. This effect is thus negli- 
gible. We retain the conclusion, previously demonstrated under more 
limiting conditions, that the radial momentum proportional toy 7 is a 


constant of the motion. 


a 


e. Stray Magnetic Fields. Neglecting the effects discussed previously, 
the influence of a transverse component B of magnetic field is governed 


by the equation 


(a/at) (y t) = » (for y >>1), (8) 
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where b is the dimensionless ratio eB\/cm.; this integrates to 


0 
Feiner = Tinitiar * (0/2) 1 (9) 
hence, if L = 310° cm, 
co BR 
“pinal ~ * initial < 0.1 cm, 
then 
b< 9><107! or B< 0.8107" gauss. (10) 


Hence magnetic shielding to this mean value is required. This is quite 


feasible, although the use of steering coils is probably more suitable 


since they are needed anyway to correct mechanical misalignments. 
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APPENDIX II-C. 
Radiation Shielding 


A. GENERAL CONSIDERATIONS 


l. Principles. The shielding design of the proposed accelerator in- 
volves a number of problems; not all of them can be fully analyzed at 
the present time. In fact, some of the physical input data for such cal- 
culations are quite incomplete. Fortunately, this ignorance does not 
affect materially the specifications for the transverse shielding of the 
accelerator; shielding problems ahead of the beam occur only in the 
target area, where conditions are quite flexible. 

In principle the various physical phenomena occuring when a 45-Bev 
electron penetrates into matter are not clearly separable since such an 
electron will generate an extensive shower containing both soft and pene- 
trating components. To arrive at working figures for shielding, however, 
we shall divide the processes into the following categories: 

1) Photoneutrons in the 10-80 Mev region produced by the 
Y-rays in a 'soft' (i.e., photon-electron) shower; 

2) Photoneutrons produced in the energy region above 80-Mev 
neutron energy; 

3) Photomeson production and the resulting production of 
nucleons ; 

4) Production of u-mesons from 7-meson decay; 


5) Penetration of the soft electron shower; 
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6) Penetration of the nucleon cascade; 


7) Neutron air scattering. 


2. Radiation Tolerances. The recommendations of the Committee on 
Radiation Protection (1956) and of the National Academy of Sciences- 
National Research Council Report (1956) specify maximum doses equiva- 
lent to the following: 
1) 100 mr per 40-hr working week for ‘radiation vorkers,' 
i.e., personnel voluntarily engaged in work involving 
some radiation exposure. 
2) One tenth of the dose rate under (1) for areas adjacent 
to the installation in question. 
3) A dose of about 10 r / 3 yrs to the ‘population at large.’ 
This is roughly the ‘doubling dose,' i.e., that dose at 
which the exposure would be double that incurred from 
naturel sources and diagnostic x-rays. 
Since the general tendency has been toward more conservative radia- 
tion tolerances, we are adopting here for design purposes the following 


tolerances * 


1) 30 mr/40-hr working week for ‘radiation workers' ; 

2) A level equai to natural background radiation (or 0.002 r 
per_ elapsed week) for all areas outside the project boundaries 
will be maintained. This is about a third of the ‘doubling 


dose. ' 





lay 'r' we mean rem, i.e., the roentgen dose divided by the relative 


biological equivalent for the particles in question. 
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For fast neutrons, a dose rate of 30 mr / “0-hr week corresponds 
to 3 neutrons /en* /sec. 

At minimum ionization, 1 electron /on* = 3><1078 r. Hence the 
‘radiation worker' tolerance corresponds to 7 minimm-ionization electrons 


2 
per cm sec. 


3. Properties of Materials. Table II-C-l gives the relevant character- 
istic numbers of the shielding materials considered. Densities are nominal 
and consequently the thicknesses must be pro-rated according to the den- 
sities used. 

Neutron half-value thicknesses are tabulated for neutrons of energy 
>1 Bev. These thicknesses are for the absorption (not scattering) of 
neutrons of energy in excess of 1 Bev and do not include any cascade effects. 
The energy variation of the mutron half-value thicknesses in concrete is 


given in Fig. II-C-l. 


4. Machine Parameters. For purposes of calculation we shall use: 
Ep (primary electron energy) = 45 Bev, 


Primary electron beam = 2> 10) electrons/sec = 3 iA. 
B. CALCULATIONS ESTABLISHING THE SHIELDING REQUIREMENTS 
TRANSVERSE TO THE ACCELERATOR 


Of concern here are reaction products feeding out fram the core of 
the principal shower. The radiation in the shower core affects the 


‘in-line' shielding primarily. 


l. Low-energy Neutrons (0 - 80 Mev) Produced -rays. Let the cross 
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section for forming a neutron by a photon of energy k be given by 8(k). 
A primary electron of energy E gives rise to a ‘track length' ™(E,»k) dk 
of photons in the energy range from k to k + dk. 


The yield per electron of neutrons is then 


RX 
Yo 8(k) 7 (Es) dk, (1) 
A 
where Ky is Avogadro's number, X is the radiation length, A is the atom‘ 
number, and mE, »k) is assumed to be given in radiation lengths. 


Using the relation, obtained from shower theory, that 


mE k) = 0.6 Eke (2) 


and also that approximately the integrated cross section for the pro- 


duction of ‘giant resonance' neutrons is given by 


fe (x) ak * 0.12 wz/A (Mev barn); (3) 


we obtain, assuming that 6 (x) peaks sharply near k = k. = 20 Mev, the 
relation 


Y = 0.18 X,(NZ/A) (B,/e.°) x 10724 ‘ (4) 


This gives yields as shown in Table II-C-2; the values given there contain 


slight additional corrections taken from Levinger.+ 


15. gs. Levinger, Nucleonics, 64 (May 1950). 
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TABLE II-C-2. Yield of neutrons per electron in various 
shielding materials for neutrons near the giant resonance. 





Material 7 
(neutrons /electron ) 

Concrete (earth) .....+-+-e+e-. 3h 

Iron . o . . . . . . 2 . . . . . . 25 

Lead . . . 7 . . . . . . . . . . . 18 





2, High-Energy Neutrons (E > 80 Mev). In this region the neutrons are 
produced by the direct photoeffect. For purposes of calculations, we 

shall use an ‘effective deuteron model,' i.e., assume that the cross section 
$8 is the experimental cross section 8» for the photodisintegration of the 
deuteron times an ‘effective number of deuterons' in a nucleus (A,Z) 

vhich is experimentally about equal to 1.5 NZ/A. 


Experimentally, we have approximately the values given in Table II-C-3. 


TABLE II-C-3. Variation of the cross section for the 
photodisintegration of the deuteron with photon energy, and 
variation of the half-value thickness in concrete with photon 
energy in two energy regions. These are approximate values 
used for computational purposes. 











Photon energy 8» Half-value thickness 
k in concrete (inches) 
(Mev) (cm) M2 
80 < k < 300 6x 10°°9 0.07 k 
k > 300 6x 1072 4? 20 








43633 O—59- 24 
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Hence, the neutron ydeld which has penetrated a shield of thickness 


t (in inches), ignoring obliquity effects, is 


me 
| 
| 


NX _NZE 6 <10°°9 
00 "0 aoa = 


Rr * -6 
EX NZ 3.610 
— _ |———_ 


( --*/29 _ et/8 ) 
t ’ / 


& tee 5 < 1078 e"%/29 


in ordinary concrete. 

Equation (6) is of course quite approximate; in particular, the 
validity of 8p to very high energies is doubtful. We are applying the 
neutron flux as calculated from Table II-C-2 s * Eq. (6) for the consid- 
eration of transverse shielding. Actually, the high-energy neutron compo 
given by Eq. (6) are primarily directed forward. However, since we are 
considering shielding thicknesses that involve many mean free paths for 
elastic scattering aiso, we believe that the directionality of even the 
highest-energy con { ‘11 not be too pronounced. The total flux of 
neutrons per incident electron is shown in Fig. II-C-2. Note that at 
shielding thicknesses + * of approximately 7 ft of concrete, the 


highest-energy camponent be jominant. 
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3, Transverse Shielding Requirements. Let us consider the parameters 


and tolerances in 1.band 1.d of this Appendix. At a distance of 10 
meters the required attenuation is ( bit x 10° >< 3 )/(2>* 1079 ). = 
2x 10°, We conclude from Fig. II-C-2 that we require a shield of 22 


ft of ordinary concrete, or equivalent, as shown in Table II-C-4. 


TABLE II-C-4. Summary of shielding requirements 
transverse to the beam of the M accelerator. 








mtertet Shielding thickness 





(ft) 
Ordinary concrete .....+.+.+ 2 
Earth . . . . . . . o . . . . . 29 


Ferrite concrete ...+«.+e«e- 15.5 
Iron-loaded concrete ..... 12 
Te: od dla es. & do66e Sa 8 


HOE 68 dee ace eee: Se 


C. CALCULATIONS LEADING TO REQUIREMENTS FOR 'JIN-LINS' SHIELDING 


l. The 'Soft-Shower' Cascade. Let us consider the shielding requirements 
set by the radiation in the photon-electron shower. We will assume that 
the radiation is delivered in terms of minimm-ionization particles for 
vhich (1.b) we have set the tolerance to 7 electrons /cn‘sec. 

A shower is (very qualitatively) characterized by the fact that its 
spread in depth is a characteristic function of the radiation lengths 


penetrated until the mean energy is degenerated to the critical energy, 
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FEET OF CONCRETE 
FIG. II-C-2. Total number of neutrons per incident electron ‘surviving’ 


at a depth t in concrete. Includes neutrons of all energies. 
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i.e., that energy at which the mean radiation and ionization loss of a 
charged particle are equal. Beyond that point we consider the shower ab- 
sorbed by the absorption coefficient characteristic of the coefficient of 
y-rays of maximum penetration (Table II-C-1). This crude model is satis- 
factory here since the large required attenuation demands a large part of 

the total course of the shower spent in its asymptotic form where the y-ray 
absorption ‘at minimum absorption' governs its behavior. From shower theory, 


ve have the relations shown in Table II-C-5. 


TABLE II-C-5. Shielding thickness required to degenerate 
electron-positron pairs originated by 45-Bev electrons to 
& value equal to the critical energy in the material. 





Distance to degenerate 45-Bev 





wetertal eae 
Radiation lengths Ft. 
Concrete... ec sccceceee 4.2 
MO Oe 6 eosieré eters B 5.4 
Ferrite concrete .....+.e+- 12 2.3 
Iron-loaded concrete .... « 13 1.7 
TOs @ © 6 ane 444 taro DP 0.85 
MO 6d. 6 re Pere eS Oc0~w | 0.35 








In addition to the thicknesses shown in Table II-C-5, we must add 
the necessary factor to reduce the flux to tolerance at the maximm ab- 


sorption coefficient for y-rays. To arrive at the required attenuation, 


ve have to estimate the lateral extent of the shower. At distances large 


campared to the shower maximum, the shower diameter becomes constant since 
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the secondary particles are being fed from the central core. It can be 
shown, both by simple arguments and also from experiment (A. Kantz, 


HEPL-17), that the radial extent of the 'terminal' shower measured in 


b/em” (not radiation lengths) is remarkably constant; about half of 


the flux is contained within a radius of 50 g/on”. The required attenua- 


tion is thus given by the relation 


(2.8 / p°) > 1077 (8) 


where p is the density. As a result we obtain the quantities given in 
Table II-C-6. 

We conclude that, in general, the radiation exposure due to the 
primary 'soft' shower is less serious than that of the accompanying 


neutrons. 


2. The Nucleon Cascade. There exists no significant cosmic-ray informa- 
tion on the production of a nucleonic component by soft showers; rather, 
soft showers in cosmic rays are the products of events, via n° production, 
which start fram 4 nucleonic primary. Hence, estimate of the nucleon 
cascade induced by high-energy electromagnetic radiation rests on a 
very uncertain basis. We will assume here that the nucleon cascade 
commences from high-energy neutrons or protons produced by photodisin- 
tegration, and use the cross sections obtained by extrapolating the 
"‘quasi-deuteron’ model, as in the previous section. 

According to Table II-C-3, we take the cross section for the high- 
energy nucleonic component to be 6 / Ke barns where k is the energy of 
the photon producing the 'quasi-deuteron.' This gives a yield 


ay = 1.4(dk/k°) 


ay = 0.18(aE/E), 
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where E is the energy of the nucleon, and dY is the yield per incident 
electron corresponding to a nucleon in the energy band E to E+ dE. We 
will use the curves of Messe1 for the radial and depth distribution of 
the cascade. 

The angular distribution for an energy degeneration of order 10° 
corresponds to a mean square angle 1.1 radian’. It also follows that the 


number of nucleons retaining more than 107° of their original energy 


falls to less than unity at a range of about 500 g/ca”. Since the stoppin 


power is essentially constant for nucleons of energy greater than ~ 100 My, 
we must add 500 g/cu” to the shielding thickness computed in 2.c, and also 
require a further attenuation of 47 due to the collimation of the shower 
into ~ 1 radian. We thus obtain values of required shielding in the 
forward direction given in Table II-C-7. These distances are considerably 


greater than the transverse requirements. 


TABLE II-C-7. Shielding requirements in the for- 
ward direction as defined by nucleon cascades. 


Shielding thickness 
(ft) 


Ferrite concrete 


Iron-loaded concrete 


15. Mesesel, in ss in Cosmic Pay icg, edited by J. G. Wilem 
ork, 


(Inter-science Publishers, inc., New Y > Vol. II, pp. 135 ff. 
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3, wu-Mesons. The problem of shielding the muons produced in Te 
decays is quite serious. The main reason is that muons are stopped only 
by ionization instead of radiation processes or nuclear interaction. The 
pions that give rise to these muons will be produced in single- or multiple- 
photoproduction events (of the type originally discussed by Fermi), where 
the photons arise from electron-photon shcwers in the target or in the 
shield. These pions either undergo nuclear interactions or decay to muons; 
the first process is much more probable in condensed matter, but enough 
of the latter process remains to constitute a shielding problen. 

In the discussion that follows, calculations based on the Fermi 
theory of multiple pion production are usea.? This theory gives the rela- 
tive probabilities of production of various numbers of pions as a function 


of photon energy. The over-all photopion cross section in the laboratory 


is taken to be 


8(W) = 2 10728 (300/H_)° A o*, (10) 


where u. is the energy of the photon being absorbed, and A is the mass 


number of the bombarded nucleous. Equation (9) is suggested by the value 


of 2>< 10728 


cu” for pion photoproduction on hydrogen at 300 Mev. If 

8 = 2, the cross section falls off less rapidly than the experimental data 
out to v.. = 500 Mev; but for large photon energies s = 1 corresponds to 
Bx “mad? where k is the photon wave number in the center of mass. We must 
not expect that the cross section will fall off more rapidly than in 
proportion to a*. i.e., 8 = 1. The value s = 2 gives more favorable 
results but is provably not as realistic as s = l. 


The assumptions as to s and the thecrectical pion multiplicity 


1k. H. Milburn, Revs. Modern Phys. 27, 1 (1955). 
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should be revised as soon as new experimental information becames avail- 
able nearer the energy range in which the proposed machine will operate. 
We must calculate the laboratory energy of the pions before we 
can obtain an expression for the source of pions. We assume that the 
available c.m. energy is equally distributed among the pions; the lab- 
oratory energy is then obtained by 4 Lorentz transformation. We can 
now calculate the average number of pions <n ay produced by a photon 
of energy W. in the laboratory which have energies greater than the 
energy Wy of & muon that will just pass through the shield. The results 
of this calculation are given in Table II-C-8. The expressions show 


are taken from a plot where a simple power law is assumed for the dependen 


on W_.- 
Y 


TABLE II-C-8. The number <n >,y Of pions produced by 4 


photon of energy W. in the laboratory of energy exceeding 


various energies Wy3 mo” is the proton rest energy. 


< > 
2 Ay 


Toth > (W / 50 me*)/?, we 4 Bev 


Toh >< (W / 50 me") oe ee ee ee. 7 


5.0 (HW / 50m). see eee ee 10 


1b >< (W, /.50 Be) es cere ne. 14 Bev 


To obtain the yield Xe of pions per electron, we evaluate the 
track-length integral: 


Eo = 45 Bev 


NX f (0.57)(B Mw) 8 (W) <n > aw, (12) 
W 


1 








l- 
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vhere Ny is Avogadro's number, Ey is the primary electron energy (45 Bev), 


\ is the target radiation length in g/en’, 6(W) is taken from Eq. (9), 


and <n ay is taken from Table II-C-8. 


We define the ‘worst possible target' as the target thick enough to 












produce all these pions yet capture none. A good pion absorber, such as 
a heavy metal, should be located as close as possible behind the target 
in order to remove as many pions as possible through nuclear absorption. 
Any space between the target and the absorber leads to muon production 
through 7l- decays. The absorber should be at least 10 absorption-mean- 
free-paths long to reduce the pion flux to a value so that subsequent 7-y 
decays of remaining pions will not add appreciably to the muon flux. 


furthermore, shielding material to stop the muons is cheap placed close 



















to the target in comparison to what is necessary at a greater distance. In 
an actual end-station building, experiments will be set up at several points 


along the path of the beam. Hence a close heavy pion absorber must be 





moved every time a different experiment is done; this could prove incon- 
venient, and a detailed calculation of the economics involved is required 
to determine what percentage of the muon-stopping shield should be included 
in the absorber. 
let us assume that because of space requirements of instrumentation, 


it is possible to bring the pion absorber only as near as 3 ft to the target. 





to be conservative, let the target be the ‘worst possible type,' and let 
its radiation length be 17 e/a, which is in excess of the value for lead 
targets by a factor of about 3 and is very nearly the value for iron. The 
pion absorber shall be iron of thickness sufficient to reduce the muon 
flux to radiation workers' tolerance outside the shielding wall. In any 
tase, the absorber shall be at least 10 nuclear-absorption mean-free- 


paths long, or ~ 7.5 ft. 
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The number of pions produced in the target having energies greater 
than Wy are given in Table II-C-9. Of those, x, decay into muons in 


the space between the target and the absorber: 


a(23.3/E), (12) 


where d is the distance in meters between target and absorber, and EF 
is the pion energy in Mev. These yields are also given in Table II-C-9. 


The total muon yield per second is given also for an electron beam current 


of 2x 101 electrons /sec. 


TABLE II-C-9. Yields of m- and u-mesons of energies greater 
than Wy: The incident electron energy is 45 Bev, and the beam 
consists of 2 x< 10) electrons /sec. 


pions /electron: 
s=1l 
s=2 

muons /electron: 
s=1 
s=z2 

total muons/sec. 
s=l 


e=2 


The high-energy muons will mainly come out in a cone with a half- 


angle of _ - 15°, depending on the energy. In caculating the flux, we 
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assume that they all come out in a 10° tone or within a solid angle of 


0.096 sterad. 


Let us assume that the back wall shield is 15-ft thick, of ferrite 


concrete with density 3.2, giving a surface density of 1460 g/cm”. At 


each position of the target down the experimental area tunnel, the shield- 


ing necessary is different because of the changing solid angle factor. 


fo carry out this calculation, it is necessary to interpolate between 


the values in the last row of Table II-C-9. 


It is a straightforward 


mtter to compute the thicknesses of iron required in the absorber for 


various target positions (see Table II-C-10). 


TABLE II-C-10. Iron required in addition to 15 ft of ferrite 
concrete (density 3.2) to reduce muon flux to tolerance. 


Distance from target to 
‘safe side' of the shield 
50 ft 
75 
100 


150 


250 


300 ft 


Thickness of iron required 


39 
35+ 
33 
30 
27. 
25.4 
24 


mia} 


ft 


ft 


s = 2 


ae 6£t 
19 

17 

14 

12 

10.7 


9.4 ft 


The iron required need not be fabricated in a complete cone, since 


the maximum angle at which mesons appear in the laboratory is a decreasing 


function of meson energy. An approximate calculation shows that a conical 


piece (A in Fig. II-C-3) with a 6-ft diam. base, plus several circular 
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iron wafers all of 6-ft diam. may be put.together to form shields of 

the necessary thickness to satisfy the conditions of Table II-C-10. The 
conical shield A weighs 27 tons, and the total weight of the wafers B 

is 90 tons if s = 2 and 208 tons if s = 2, The iron cone is much more 
economical than the 110 ft of ferrite concrete that would be necessary to 


replace it. (These figures are for the case s = 2,) 


4. Summary of 'In-Line' Shielding Requirements. As noted in the previous 
section, the problem of providing an adequate shield in line with the 


stopped beam of this accelerator is a very serious matter. The shielding 
requirements calculated for the various processes considered are quite 
dissimilar, and the most serious requirements are imposed by those pro- 
cesses where our ignorance concerning the needed quantitative data is 
highest. This fact, in combination with the as yet unspecified needs of 
particular experimental arrangements, calls for a maximum degree of flexi- 
bility in the 'end' walls of the target areas. 

It appears advisable to use the values of Table II-C-7 as a minimm 
requirement. In the interest of maintaining the solid angle for experi- 
mental arrangements, iron or very-heavily-loaded concrete appears to be 
advisable. In addition, an arrangement similar to the p-meson shield cone 


(3.c) will probably be necessary. 


D. CONSIDERATIONS AFFECTING ROOF SHIELDING REQUIREMENTS IN TARGET 


1. Air-Scattering Effect on Tolerance Directly Outside Shield. Detailed 
calculations concerning the air scattering of fast neutrons and other radit 


tions have not been made as yet. From simple dimensional considerations, 


one can show that the ratio of the intensity Ib of ‘direct’ radiation to 
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the intensity I. of scattered radiation at a distance r from a source 


Ss 
is given by 


I, mn r Ay 

zz (- ) as (13) 

b 77 Ay 

where Ag is the attenuation in the scattered path and AD is the attenua- 
tion in the direct path, and where ’ is a mean free path in air charac- 
teristic of the scattering process. For neutron scattering processes, \ 
is of the order of 1,000 ft; hence to obtain negligible contribution fra 
air scattering outside the transverse shielding wall at a distance of 35 ft, 
the attenuation in the scattering path should be roughly 1/30 of that re- 
quired in the direct path. This attenuation includes of course the frac- 
tional solid angle subtended by the roof shielding, which is in general 
only about 10 percent. Hence the roof shielding requirements correspond 
to those given in Table II-C-4, by are decreased by a factor corresponding 
to an attenuation of approximately 300. Roof shielding requirements fram 
this point of view (i.e., the need for low levels outside the ‘direct’ 


shield) are thus as given in Table II-C-ll. 


TABLE II-C-ll. Roof shielding requirements as set by 
tolerance near base of '‘in-line' shield. 


Material Thickness 


Ordinary corcrete . ‘ 5 8.5 ft 
Ferrite concrete 
Fe-losied concrete . ’ 4.5 


TPO: ey, eres Ce a eS e * We er 3) ieee 
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This calculation is probably somewhat conservative since the nonisotropy 
of the scattering will make the mean free path for back scattering of 
neutrons probably in excess of 1,000 ft as assumed above. This is docu- 
mented by the experimental finding (from the 184-in. cyclotron, UCRL) 
that a roof shield of one fourth the thickness of the side shield is 
sufficient to reduce the neutron fluxes as produced by air scattering 


to a value comparable to the directly penetrating component. 


2. Air Scattering Effect on Regions Outside Project Boundaries. The 


nearest project boundary is at a distance of roughly 500 ft from the tar- 
get area. It is our intention to hold the permissible radiation levels 
outside these limits to 0.002 r / week, or 1/60 of the design dose for 
project personnel. We have carried out air-scattering calculations based 
on the following two basic processes: (a) neutron diffraction scattering 
on nuclei; (b) ‘quasi-elastic’ scattering of neutrons on nucleons within 
& nucleus. Both of these processes lead to roof shielding requirements 
less than those given in Table II-C-ll, even considering the lowered tol- 
erance. 

The inverse-square law is sufficient to reduce the direct radiation 


by the required additional factor of 60 from the outside of the shielding 


walls (assumed in Sec. B as 10 meters) to points outside the project 


boundaries. 


43633 O 
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APPENDIX IV-A 


Summa. of Control and Instrumentation cifications 


A. GENERAL PROVISIONS 


Tentative specifications on instrumentation and control are given 


in this section by first briefly describing the accelerator lay-out and 


then specifying the instrumentation and control circuitry to be used. 

Most of the specifications given here are dictated by the general 
machine and klystron specifications described in Section IV and Appendix 
IV-B. The remainder are based on operating experience obtained with 
the existing Stanford accelerators. 

As previously stated, the accelerator will be housed in a tunnel 
nominally 10,000 feet long. At the end of the accelerator proper the 
electron beam will be magnetically extracted and distributed into various 
areas of the ‘end station' for experimental studies. This is described 
in detail in Section IV, and as such nothing further will be stated 
about the problem here. Parallel to the accelerator tunnel is another 
structure, the 'klystron tunnel', which will house the klystrons, the 
klystron modulators, the vacuum pumps, the control equipment, and other 
auxiliary equipment necessary for cperation of the accelerator. It is 
the instrumentation andi control of all of the equipment in these two 
tunnels with which this Appendix is primarily concerned. The discussion 
that follows describes the equipment in these tunnels and states briefly 
the nature cf the controls that will be necessary. 


The control ani instrumentation specifications of an accelerator 
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are determined not only by the performance specifications of the ma- 
chine, but also by the procedures adopted for uatateiiden » tune-up, 
and routine operation. Therefore, before listing the instrumentation 
specifications, it is necessary to review their requirements from a 
procedural viewpoint: 
1. The first important consideration is that the accelerator 
tunnel will be uninhabitable while the machine is operating. All equip- 


ment that may need frequent servicing should therefore be located in 





amore accessible area, namely, the klystron tunnel. Whatever equip- 
ment is located in the accelerator tunnel must be built and installed 
in a@ manner that will allow rapid servicing or replacement in order to 
ninimize the time during which the accelerator is inoperative. 


2. Since the accelerator is scheduled to operate 24 hours per 



















day, routine maintenance must be accomplished without interfering with 


operation. Examples of such routine maintenance are the replacement of 


Klystrons ; 





servicing of spark gaps, vacuum pumps, DC power supplies; 


tuning up the accelerator, i.e., adjusting r-f synchronization and 





power level of the various sections; etc. These operations can easily 
be accomplished if the accelerator is divided into a relatively large 
number of 'sectors' (say 40), such that during normal operation the 


performance of the accelerator will still be satisfactory with one or 





wo of these sectors turned off. 
For tune-up purposes, the sector can be operated as an independent 
accelerator with its own gun and beam extraction system. This appears 
to be feasible if the sectors have pulsed injection and extraction systems 


operating at a low repetition rate, and if the pulse occurs a few micro- 





seconds after the normal accelerator pulse. 





Tuning of each sector of 


the accelerator will be performed at a console located near one end of 
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each sector.+ 

In order to facilitate the servicing of large numbers of identical 
units (from 40 to 920 each of various components) it is proposed that, 
with the exception of certain routine adjustments such as tuning accel- 
erator sectors or lubricating motors, all servicing shall consist of 
replacement of entire units or major parts of units. (These replaceable 
units are described below.) To make the replacement of large units more 
convenient, it will be desirable, although not essential, that the arrange. 
ment of equipment and access space be identical for each 250-foot sector. 
Trouble-shooting and repair of extracted units will be performed by 
technicians in a shop area outside the tunnel. 

It is expected that all of the equipment that must be located in 
the accelerator tunnel may be so designed that it will not require ser- 
vicing more often than once in six months. In the klystron tunnel the 
equipment should not require servicing more than once a week. It is 
also expected that the failure of a klystron or a modulator unit may be 


ignored until the next regular servicing period. 


“Accurate phasing becomes increasingly difficult as the number 


of independent 10-foot sections being tuned increases. Experience 

has shown that it would be difficult to obtain the phasing accuracy 
required with more than 25 10-foot sections in a sector. Hence, it 

is planned that each sector be tuned independently and that the sector 
be composed of 23 10-foot sections, an electron gun, a beam in- 
flecting system, a magnetic extraction system, plus beam detection 


equipment; the totai sector occupying a length of 250 feet. 
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Continuous servicing will be provided by two crews of technic- 


jans capable of servicing four 250-foot sectors per 8-hour shift. 


This will probably constitute 8 - 10 men per shift. These crews would, 


on & regular schedule, service the accelerator equipment. An addi- 
tional crew of between 6 and 12 men would have to be available in case 
of a major breakdown of an entire 250-foot sector, e.g., vacuum pumps, 
i supply, etc. Such units would have to be serviced without delay. 

It is anticipated that during initial installation and test of 
the accelerator, and during periods of major overhaul, as many as 100 
people and 30 vehicles, trailers, or other mobile pieces of equipment, 
are likely to occupy the klystron tunnel at one time. 

The main control area will have instrumentation for controlling 
the 40 sectors as integral units only. They will be controlled ina 
manner analogous to the control of individual 10-foot sections within 
a 250-foot sector. The main control area will also have rudimentary 
monitors for checking performance of each klystron or of other replace- 
able units and a switch for turning each unit on or off. More detailed 
monitoring will exist only at the 250-foot consoles in the klystron 
tunnel. Provision will be made, however, for complete remote control 
and monitoring of the vacuum systems. No provision for multiplexing 
of information or control channels has been considered in this Proposal. 
Such equipment might, however, considerably reduce the wiring costs 
of the machine and/or provide more information at the main control 
panel. An important problem, however, will be to keep the control 


panel from being too compiex or cumbersome to operate. 
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3. Auxiliary Equipment. By means of appropriate vacuum valves in the 


manifold in the accelerator tunnel, it will be possible to isolate 

the vacuum system of each 250-foot sector from that of adjacent sectors. 
The manifold for each sector will have its own pumping station located 
in the klystron tunnel. Provision will be made for pumping any mani- 
fold from the manifold of an adjacent sector when required. Connections 
for optional use of leak detectors and ion gauges (or other high-vacuum 
gauges ) will be installed at each 10-foot pumping connection to the 
accelerator. The power supplies for these gauges will be located at 

the corresponding klystroa modulator units. Steering, focusing, and 
degaussing coils will be provided for each 250-foot sector. A non- 
intercepting beam current monitor will be placed after Section 23 in 


each sector. 


4, Maintenance and Access. Every 10 feet there will be a lateral feed 
between tunnels containing a waveguide and appropriate control and sig- 
nal wires. At the middle of every 250-foot sector there will be a 
lateral tunnel for personnel access, which will also contain a vacuum 
line pumping the accelerator manifold. Access for equipment will be 
provided at a point near each end of the lateral tunnel. It must be 
possible to replace any piece of equipment without major displacement of 
adjacent equipment. All parts within the accelerator must be easily 
accessible. Provision must be made for hoisting and transporting units 
weighing up to 1 ton. The acceleratcr tunnel obviously may be entered 
oly when the accelerator is not operating. Although the accelerator 
tunnel will be entered oniy when absolutely necessary, the tunnel may 


have to be occupied by as many as 30 pecple during such periods. 
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B. THE ACCELERATOR TUNNEL 


1. Description. The accelerator will be a 4-inch diameter copper wave- 
guide made in 10-foot sections. The axis of the pipe must lie within 
1/16 inch of a straight line over short distances, and within one inch 
over the entire length of the accelerator. Equipment to set and main- 


tain the alignment may have to be installed in the tunnel. The pipe will 


be evacuated to a pressure lower than 5 x 10” om of Hg by means of 


vacuum-pumping connections every 10 feet. R-f power, ranging from zero 

to 2.5 kw average, is fed into each 10-foot section by a waveguide from 
the klystron tunnel. The temperature of each 250-foot sector must be 

held constant to within e°c of a prescribed temperature by means of a 
water-cocling jacket. This prescribed temperature may have to be determine 


experimentally for each 250-foot sector but will lie within a 10° range. 


2. Subdivision of the Accelerator into Sectors. For operational and 
tune-up purposes, the accelerator will be organized in sectors nominally 
250 feet in length. A typical sector will be composed of 22 10-foot 
sections of accelerator, an electron injector, a 10-foot section of 
accelerator, a non-intercepting beam current monitor, and a pulsed an- 
alyzing magnet Sollowed by a beam collector (see Fig. IV-A-l.) For tuning 
up, an electron source and the following 10-foot section serves as an 
injector for the succeeding 23 sections and deflection magnet. The 
10-foot section between the gun and magnet as shown in Fig. 1 is used 
during tune-up as an injector for the following 23 sections, with special 
r-f phasing for this purpose. It is normally adjusted to operate as the 


last section with the proceeding 22 sections. 





sa Oe Oo 
for ane sector of machine. 


Schematic layout of equipmen” 
and klystron tunnels 


Fig. IV-A-l. 
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C. THE KLYSTRON TUNNEL 


l. General. In addition to the klystrons, the klystron tunnel contains 


nearly all of the equipment powering and serving the accelerator: vacuum- 


pumping stations, klystron modulators, tuning consoles , DC power supplies, 
r-f and trigger-signal feedlines and the’r booster supplies, tuning consoles, 
and all control and signal circuitry. In numbers, these units range 

from 40 to 920 identical units of a type. Primary access to the klystron 
tunnel for equipment and other bulky cbjects will be from a point adjacent 

to the repair shop and from a point adjacent to the control area. The 


radiation from the accelerator and the klystrons must not exceed a level 


which would make the tunnel safe for continuous occupancy. 


2. Cross-Section layout. Several cross-section layouts of the klystron 


tunnel are possible, as shown in Figs. IV-A-2 and 3. They differ primarily 


in the arrangement of space allowed for transportation of equipment and 
space for wiring. The layout shown in Fig. IV-A-2 is the preferred 


arrangement for the tunnel in this Proposal. In each layout, a line of 


klystron modulators and other units of equipment is placed near one wall. 


Between the equipment and the wall is manifolding for vacuum, air and 


water. The manifolds will be in 40-foot sections and will be accessible 


for replacement or repair when the five equipment units which they serve 
are removed. On the other side of the equipment is space for two-way 
traffic transporting personnel and equipment along the tunnel. Between 
the equipment and the traffic area is a pedestrian walk for people working 
on the equipment. Ali longitudinal wiring is carried overhead on an upper 


deck with generous access space. The upper deck is to be so supported 
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Fig. IV-A-2. Cross section of klystron tunnel: 
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that, when the equipment units are removed, a 40-foot section of manifold 


may easily be moved from the manifold area to the transportation area. 


3. Longitudinal Layout. The 4O operational sectors of the accelerator 
are laid out exactly the same. The layout of a 250-foot sector is 

shown in Fig. IV-A-l. Space is allowed for 23 klystron modulators for 
Stage II operation, although only 12 modulators would be installed for 
Stage I. With the exception of the DC supplies, each unit of equip- 
ment will occupy a space nct exceeding five feet along the tunnel, six 
feet across the tunnel and a maximm of eight feet in height. The 

DC supply will occupy a space about 20 feet long, 6 feet wide and 8 

feet high. The units are placed nominally every 8 feet along the tunnel 
so that there is space for an auxiliary unit between each group of four 
modulators. Because of the personnel access tunnel at the center of the 
sector, the units are displaced from the center of the sector outwards, 


as indicated in the figure. 


D. MAJOR EQUIPMENT UNITS IN THE KLYSTRON TUNNEL 


All of the major equipment units in the klystron tunnel are to 
be built so that they may be lifted or rolled into position. As mich 
as possible, all connections will 'plug in' when the equipment is placed 
in position. All of the equipment will have the same general frame- 
work so that it can be moved in the same fashion; only the DC supply 
is a different shape, but this could be built in four sections, 
5 x 6 x & feet, the same as the other units. The letters preceding the 


descriptions below correspond to the designations in Fig. IV-A-l. 


A. Kiystron Modulators, Stage I. The klystron modulators are 
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described elsewhere in this report. Their function is to deliver DC 


high voltage to the cathodes of the klystrons. Input to these modu- 
lators includes 15 kv DC from the DC supplies, AC power for certain 
auxiliary components, an r-f drive signal, a trigger signal, and certain 


other control signals. 





Cooling water and air for the spark gaps are 
also required. 
The instrumentation of the klystron modulator involves mechanical and 
electrical disconnects for the high voltage, a trigger amplifier and gating 
circuit, two ion gauge amplifiers which control the gate circuit, an r-f 
power meter, a circuit which gives a single 'off-on' indication that th 
klystron is delivering power to the accelerator, a rectifier for the focusing 
coils, and various safety interlocks. Associated with each modulator, 
but mounted in the manifold area of the tunnel, are an r-f attenuator and 
a phase shifter in the input feed line, controlled from the 250-foot console. 
For Stage I operation, each modulator feeds two sections of acceleator, 
and a high-power phase shifter is required in the feed line to one of these 


sections. This is also mounted in the manifold area. 





Normal weekly servicing of the klystron modulators will include 
replacing the spark gap switch and testing the klystron and modulator for 


possible malfunction. 





Malfunction of the klystron alone will dictate re- 
placement of the klystron. Any other malfunction will require replacement 


of the entire unit. 





The unit will be self-protecting so that, if a part 
of the unit fails, no damage will occur to other parts of the unit if the 
fault is ignored until the next regular servicing period. 


A'. Klystron Modulators, Stage II. In Stage II, every modulator 


position is filled, every modulator has a phase shifter in its input feed, 










and the high-power phase shifter in the output waveguide is no longer 


required. Otherwise the mcdulators are the same as before. 
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Fig. IV-A-3. Alternate cross section of klystron tunnel. 
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B. Booster Unit. Each sector of the accelerator has an r-f 
booster klystron which samples power in the master r-f feed line which 
runs the length of the accelerator. The booster delivers approximately 
1 Mw to a sector feed line which supplies r-f power to each klystron 
modulator. Its instrumentation is similar to that of the klystron modu- 
lator with the exception of the ion gauge amplifiers. It also has a 
phase shifter associated with it, which is controlled from the main 
control area of the entire accelerator. 

The booster unit also contains an amplifier for the trigger signal. 
This unit samples the signal in the master trigger line and delivers 
power to a sector trigger line. It also has provision for delaying the 
trigger approximately 100 microseconds for tuning purposes. 

Three extra booster units are required, one every 2,500 feet, in the 
master r-f feed line. 

C. Auxiliary Supplies. Space must be allowed for certain auxiliary 
supplies such as focusing and steering supplies for the accelerator, and 
possibly power supplies for the electron injector and the deflection mag- 
net. Part of this space may be used for storage of spare parts or for 
such telemetering equipment as may prove desirable at a later date. 

D. Pumping Unit. Each sector will have two high-vacuum pumps and 6 
roughing pump which will be connected by appropriate solenoid valves to 
the accelerator manifold and a manifold for pumping the output waveguides 


(Details to follow). Appropriate vacuum gauges at each pump and manifold 


will close valves automatically in the event of vacuum trouble. The 
gauges and valves will also be connected to the main control area. Pro- 
vision will also be made to have either high-vacuum pump handle both mani- 
folds simultaneously, thus permitting one pump to be serviced without inte 
fering with the operation of the accelerator. 
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E. Storage Space. Although there will be many empty spaces in the 
line of equipment units during Stage I operation, it is essential to re- 


serve some space for storage and other uses when operation reaches the 


Stage II level. 


F. Control Consoles. The 250-foot console will be a simplified 




















version of the console now used for the Stanford Mark III accelerator. It 


will contain all instrumentation required to obtain maximum energy from a 





250-foot sector, and will contain sufficient indicators to locate any source 
of trouble within the sector. 
It should be noted that modulator No. 23 of each sector may came under 
the control of either the preceding or the following console during tuning. 
Its normal operation is with the preceding sections, but a special connection 
to the r-f and trigger lines of the following section must be made when 


that section is to be tuned. This special connection may be controlled 














2: at the 250-foot console. 

. G. DC Supply. The DC supply unit will contain not only the 15 kv IC 

ba supply, but also transformers and a distribution panel for supplying AC 
power to the equipment in each sector. The unit may be built in sections that 
are easily disconnected for servicing. Details of the DC supply and the 

“< power distribution equipment are specified elsewhere in this Proposal. 

‘ H. Mobile Equipment. In addition tothe fixed units in the tunnel, 

- it will be necessary to have some special equipment on mobile carts. For 

- example, the power supplies for the sector deflection magnets will normally 
be used only once a week at any given sector. Hence, two or three such 

7 mobile supplies might adequately serve the entire accelerator. Certain 

pani- 


specialized pieces of test equipment may also be mobilized in order to 






reduce duplication of equipment which is infrequently used. Special carriers 


may be used for transporting equipment units in and out of the tunnel. 
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It is largely to aliow traffic to pass such units when they are nec- 


essarily stopped at some point that the tunnel must provide room for 


two-way traffic at all points 


E. VACUUM SYSTEM 


The pumping units described above must evacuate three manifolds, 


a 20" accelerator manifold, a 10" waveguide manifold, and a 6" roughing 


manifold. The accelerator manifold is connected to the accelerator at 
each input feed. An ion gauge and a valve allowing the connection of 

@ leak detector are also located at each waveguide feed. In the accel- 
erator manifold and along the accelerator itself are valves which serve 
to divide the vacuum system into 250-foot sections, and which may isolate 
the electron inflection and deflection systems from the main accelerator 
vacuum if servicing is required. The waveguide manifold evacuates a 
short section of waveguide between the output window of the klystron it- 
self and another vacuum window. When a klystron is replaced, only this 
short section of waveguide must be let down to air. Each such section of 
waveguide has its own ion gauge, a valve to the accelerator manifold, 

@ valve to the roughing system, and a let-dowr valve. During Stage I 
operation, the high-power phase shifter is located in this section of 
waveguide. There is no need for remote control of those valves, but 

all other valves should be controlled both at the appropriate pumping 
station and at the main control area. The ion gauges at each station 
control the trigger gate at ‘he nearest klystron modulator and may be 


monitored at the appropriate 250-foot console. 
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F.. MAIN CONTROL AREA 


The main control area shall have camplete monitoring and control 
panels for substations, DC supplies and generators, water system, and 
vacuum system. Operating controls for the accelerator, however, shall be 
reduced to a minimum. There must be a board of some 1,200 lights to in- 
dicate performance or non-performance of each of the major equipment units 
in the klystron tunnel. There must also be an on-off control for each 
unit. The operator must have signals from the non-intercepting beam moni- 
tors at each sector and from beam monitors in the end station. He must 
have control of the r-f phase shifter, the steering and focusing circuits, 
and the DC supply voltage for each sector. He must also be able to control 
the main beam-deflection magnets. He must be able to delegate energy control 
and main on-off control of the beam to the experimenters. 

In addition, the main control area must have a communication system 
to connect it with the experimental areas and with each maintenance crew 
wherever they may be located in either tunnel. This will include closed 
circuits and a public-address system. It will also include a closed- 
circuit television system which has provision for pickup units to be located 
at various points in either tunnel should the need arise. 


The control area will also have control and monitoring of the master 


trigger generator, the master microwave oscillator, the radiation monitoring 


system, and the radiation interlock protection system. 


G. WIRING 


The primary expense of the instrumentation of the accelerator is the 


wiring and the upper deck required to contain it. It has been assumed 
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that two wires are used for each signal, for each control function, etc. the 
Coaxial cables will be used for the master trigger line, the master ver 
r-f line, and for a few circuits within each 250-foot sector. The wiring of 
will be installed in multi-conductor cables to as great an extent as sec 
possible. Near the main control area, these cables will line the walls com 


of three corridors (six walls) to a height of about six feet. These 
corridors must be six feet wide to allow convenient installation or re- diz 
placement of cables. This space will handle all control and signal cables Ma 
and most, if not all, power lines. 
It is entirely possible that suitable multiplexing equipment 
would substantially reduce the wiring and allow a much lighter or smaller 
deck to be built to support the wiring. It is also possible that this 
would result in a less reliable system. No estimate of the possible saving 


is now available. 


H. ENGINEERING PROBLEMS 


The instrumentation described here is entirely conservative with 
two exceptions: 

1) It is not now certain that all of the equipment can be made 
entirely self protecting so that in case of failure it may indeed be ig- 
nored until the next servicing period. 

2) The engineering details of a pulsed injection and deflection 
system have not been worked out in detail. 

The self-protection is a straight-forward problem which is solved 
regularly in industrial situations. It should offer no serious diffi- 


culties. The pulsed inflector is also straightforward. The pulsed de- 


flection system is possible in principle: the beam is directed between 
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the center and outer conductors of a curved coaxial line which carries a 
very large current. The power required for such a device is of the order 
of 10 to 20 kilowatts for repetition rates of two to four pulses per 
second. So far, however, only a feasibility study of this system has been 
completed. 

The remainder of the instrumentation is straightforward and is based 


directly on circuits and operational procedures now in use on the Stanford 


Mark III accelerator. 
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APPENDIX IV-B 


Klystron Requirements and Specifications 


A. INTRODUCTION 


The kind, number and characteristics of the klystrons needed fo 
this project are described in this section, together with a description 
of the facility needed to produce these tubes. The requirements for 
the klystrons and the fabrication facility for both Stage I and Stage II 
are given. 

For Stage I operation the accelerator will require 480 klystron 
amplifiers, each delivering 2 microsecond pulses at 6 megawatts peak 
power at 360 pulses per second. The peak power of the present 30 megawatt 
Stanford klystrons has been derated to the above level to provide a margin 
of safety in the performance and life. The proposed tubes will be nearly 
identical to those presently used on the Stanford Mark III and Mark IV 
accelerators and are expected to provide a useful lifetime of at least 
2,000 hours under these moderate operating conditions. The tubes presently 
used are considered as a 'prototype' in this stuay.? Mechanical redesign 
of these tubes will be necessary to simplify production problems and to 
allow rapid interchange of the tubes in use. As operating experience with 
the tubes permits improvement in their characteristics, it is expected 


that the klystrons can be operated at higher power levels consistent with 


lor @ description of the present tube structures see Chodorow, 


Ginzton, Neilsen, and Sonkin, I.R.E. 41, 1584 (1953), or Chodorow, et. al., | 


R.S.I, 26, 134 (1955). 
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a tube lifetime equal to or exceeding 2,000 hours until the final goal 
of 22 megawatts at 60 pulses per second is attained. when this per- 
formance is attained, the number of tubes supplying power to the accel- 
erator will be increased to 920. This power level of operation and the 
number of klystrons defines the attainment of Stage II. 

Because of the large number of tubes required, initially and during 
operation, it is necessary to build a special 'factory' for the specific 
purpose for manufacturing and repairing these tubes. It should be noted 
that although similar klystrons are now in commercial production, the 
largest known rate of production is approximately 50 tubes per month. 

It is believed that a factory closely integrated with the needs of the 
accelerator will result in lower costs and better service to the project. 
A flow of tubes, fluctuating in number due to the particular needs of the 
accelerator, needs to be assured at all times. It is expected that 

the klystron factory will be located on the accelerator site and will 

be managed as a part of the proposed accelerator project. It is possible, 
however, that the klystron factory can be operated by some commercial 
organization rather than under the direct management of the Stanford 
accelerator project; the choice between the two methods of operation 

and the exact location of the site for the klystron factory will be re- 
viewed at an appropriate time. At least ome commerical firm has ex- 
pressed a serious interest in manufacturing the klystrons for this pro- 
ject and cost estimates for the various stages of production of klystrms 


have been supplied to us by Varian Associates. 





Imnis is the present operating level of the continuously pumped 


tubes used on the existing Stanford accelerators. 
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Fig. IV-B-1 shows a block diagram of the microwave radio frequency 


system for supplying power to the accelerator during Stage I operation. 


B. THE KLYSTRON FACTORY 


Two alternative procedures have been considered in estimating the 
klystron factory requirements: 

Alternate One is to install initially a facility sufficiently large 
to produce and maintain tubes for Stage I operation on a one shift per day 
basis. A slight increase in the size of this facility and a two shift per 
day schedule would then supply and maintain the tubes required for Stage II 
operation. This alternate has the advantage of providing a transition 
from Stage I to Stage II operation with minimum disruption of the original 
facilities. Furthermore, it provides the necessary flexibility to increase 
production for short periods during Stage I should the need arise. 

Alternate Two is to provide a smaller initial facility based on a two 
shift per day schedule for Stage I operation, and then increase the size 
of the factory by about 40 percent for Stage II operation. 

Although the second alternative has the lower initial cost, the ultimate 
cost would be higher. Furthermore, it would tend to jeopardize the opera- 
tion of the accelerator during the factory transition period and would 
also reduce the flexibility of the plant during the initial operational 
period. The descriptions that foliow in this section and the cost estimates 


of Section V are predicated on alternate number one. 


1. The Klystron Factory Specifications. The estimated size of the klystron 
factory is: 





mate 
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Stage I Stage II 
a) Personnel 110 180 

b) Floor Space 24,000 sq ft 25,500 sq ft 
c) Outside Utility Area 6,000 sq ft 6,000 sq ft 


The klystron factory will consist in general of the following functional 
areas: material storage, machine shop, chemical plating and cleaning, 
sand blasting, glass and ceramic shop, chemistry laboratory, parts inspec- 
tion, furnace room, equipment maintenance shop, production engineering 
facility, drafting room, production control and parts storage, cathode 
assembly area, body reconditioning area, output and input window assembly 
area, final assembly and finishing area, torch brazing area, direct super- 
vision space, package-unit maintenance, bake-station area, electrical 
processing area, electrical testing, new tube construction area, and tube 


storage space. 


2. Factory Production Schedule. Fig. IV-B-@ shows the anticipated pro- 
duction schedule for the klystron factory. An original lot of 630 main 
power amplifiers are to be fabricated and tested during a 22 month period 
prior to completion of the accelerator, i.e., approximately 35 tubes per 
month. After this the primary function of the factory will be the main- 
tenance of the existing number of tubes until the two shift per day 
schedule is begun in preparation for Stage II operation. 

Based on present Stanford experience, the major repair item of kly- 
8trons is the replacement of the oxide emitting surface of the cathode. 
However, @ small percentage of used tubes require more estensive recondi- 
tioning; these shall be classed as ‘major repairs' in the following tables. 
Occasionally, it is less expensive to build an entirely new structure 


than to undertake a major repair. Therefore, on the basis of present 
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Fig. IV-B-l. Klystron chain block diagram for Stage I operation. 
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experience, the production schedule for Project M is as follows (see 
also Fig. IV-B~2). 
a) An original lot of 630 tubes are to be fabricated and tested 


before Stage I operation is initiated. 


b) After the accelerator has achieved Stage I operation, the factory 


output will be adjusted to deliver approximately 175 new or re- 
processed tubes per month as follows for Stage I operation (based 
on an assumed average operating lifetime of 2,000 hours): 

1) New tubes for replacement 10 tubes /month 

2) Major repairs 30 

3) Cathode replacements and/or 


other minor repairs 135 
Total 175 


C. KLYSTRON REQUIREMENTS, STAGE I AND STAGE II 


1. The 630 tubes in circulation during Stage I will be distributed 
approximately as follows: 

Tubes on accelerator 480 

Standby for accelerator use ~ ho 

In transit ~ 10 


In factory being repaired ~ 100 


630 


2. During the transition period from Stage I to Stage II operation, 
4O new tubes per month will be constructed, in addition to maintaining 
the existing complement, until a total of ~ 1,200 tubes are in circulation, 


at which time Stage II operation may begin. 





STANFORD LINEAR ELECTRON ACCELERATOR 407 


3. After the initiation of Stage II operation, the factory schedule will 


be approximately as follows: 


a) New tubes for replacement ~ 25 tubes/month 
b) Major repair ~ 60 
y c) Cathode replacements and/or 
other minor repairs ~ 270 
a Total 355 


4. Of the ~ 1,200 tubes in circulation during Stage II operation, the 


distribution should be as follows: 


a)- On accelerator g20 
b) Standby ~ 70 
c) In transit ~ 20 
a) In factory being repaired and tested ~ 190 

Total 1,200 


D. KLYSTRON SPECIFICATIONS 


1. The Main Power Amplifier. The specifications for this tube are based 


on the existing Stanford klystrons and are given in Tables 1 and 2. 


2. The Klystron Driver Tubes. These will be of a commercially available 


tube having an output of 1 - 2 megawatts peak power, such as the Varian v-87. 


E. KLYSTRON ASSEMBLY AND PROCESSING 


sion, 
Estimates of the personnel, space, and time requirements for the 


manufacture of klystron parts, their assembly into completed tube structures, 
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and for the processing and sealing-off of the tubes, have been based upon 
the following premises; 

l. The main power amplifiers will be essentially the same as those 
presently used on the existing Stanford accelerators except that they will 
be sealed-off, and will be modified mechanically to facilitate production 
and to allow interchange of the tubes on the accelerator. A summary of 
these specifications has been given in detail in Tables IV-B-l and IV-B-2. 

2. The operating level of the accelerator will be chosen so that 
the average operating life of the klystrons will be equal to or greater 


than 2,000 hours. 


3. The processing of klystrons (to be described later) will follow 


procedures that have been previously used at Stanford (and by other manvu- 


facturers of such large tubes). 

4, Extrapolating the current experience with the fabrication of 
klystrons for the Mark III accelerator, the machine shop and tube assembly 
shrinkage would total approximately 40%. However, same cathode assembly 
parts may be salvaged and reused, on an average, through 6 repair cycles. 

5. The current shrinkage through baking and processing tubes is 
15%. The present indications are that this figure would not be substan- 
tially reduced by production methods. A figure of 15% has therefore been 
used for the estimates in this proposal. 

6. The klystron factory and processing will operate on a one-shift 
per day basis during Stage I and on a two-shift per day basis during 
Stage II operation of the accelerator. 

Since the processing of klystrons is an important part of the success- 
ful operatio: of an electron linear accelerator, the following description 
cf this procedure has been included in this report. 


The processing of klystrons will follow procedures which have been 








ion 
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used at Stanford and by other manufacturers of such large tubes. Except 










for the high temperature outgassing (baking) of the tube, which is largely 





automatic, the processing for Stage I will be on a one-shift per day basis. 
This provides a cushion of two possible extra shifts in the event of manu- 
facturing difficulties, which occasionally occur in this comparatively 


new industry. 





















A typical processing program for a large klystron is: one day to 
mount on the vacuum pumps, outgas the cathode and prepare for a hia temp- 


erature bake; a 24-hour baking period during which the cathode is con- 





verted to provide preper electron-emission characteristics; and two 8-hour 


shifts on a modulator during which the voltage and power are raised above 






the anticipated operating levels of the accelerator. The tube is then 
checked for r-f performance, sealed-off, and stored for accelerator use. 
In order to satisfy the accelerator requirements during Stage I, the 
klystron factory must process approximately 175 usable tubes per month; 
approximately 355 tubes are required per month for Stage II operation. The 
equipment needed for this schedule (if a 15% maximum shrinkage figure is 
used) is given below: 
Processing modulators 


Bake stations 





R-F test units 10 


Package units* 4O 





This will allow the factory to process 20 tubes every two days, of 











which 17 can be expected to be satisfactory for machine operation. With 


no increase in equipment, the rate of processing can be tripled, should 





. 
A package unit is a portable table equipped with the necessary vacuum 


and water cooling provisions for a klystron while it is being processed. 
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the need arise, by simply adding two extra shifts. If the baking time 
is too long, more bake stations and package units (plus space) must be 
added. Other items related to these are noted in Section V under cost 
estimates. During Stage II, two processing shifts are anticipated, plus 
additional bake stations and package units to handle the extra tubes. 

A working area of roughly 6,000 sq ft and a staff of approximately 
20 technicians per shift will be required for processing. This pro- 
cessing area is based on the present experience and was arrived at by 
adding the total areas required for each operation (including equipment) 
plus an additional 25% for aisle space. Improvements in tube construc- 
tion, more extensive use of ceramics, higher-temperature exhaust, and 


other technique changes should result in an improved life performance 


(> 2000 hours) and in a shorter, simpler, and cheaper processing cycle. 





STANFORD LINEAR ELECTRON ACCELERATOR 413 


APPENDIX IV-C 


Site and Buildings 


This section gives a brief description of the facilities that mst 
be housed for a linear accelerator of the type described in this proposal. 
The site under considerationis also described. This description is 


supplemented by a few illustrations. 


A. BRIEF DESCRIPTION OF THE FACILITIES TO BE HOUSED 


The milti-Bev accelerator facility, as it is presently planned, 
would consist of the following sections: 
l. The Accelerator. This consists of an electron injection gun followed 
by the accelerator tube, which would be accommodated in a tunnel structure 
10,000 ft long, and 10 ft square with a dome 3 ft high. The accelerator 
will be level, and will be 3 ft above floor level. Parallel with this 
tunnel, but 35 ft away, will be another similar structure 24 ft wide and 
10 ft high with a dome 12 ft high, which is to contain the power sources, 
vacuum-pumping systems, control circuitry, etc. These tunnels are to be 
connected periodically as follows: (1) at 250 ft intervals along the 
length by 5 x 9 ft offset drifts for personnel access and for vacuum and 
water lines; and (2) at 10 ft intervals by 8 in. diameter tubes for 


r-f power transmission. 


2. The Beam Switchyard. This is the area in which the electron beam from 
the accelerator is diverted to one or another of the target areas in the 


End Station. The emergent beams should be kept at the same level as in 
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the accelerator, but here the accelerator will be 5 ft above floor 
level. The beam-switching area will be 600 ft long. This equipment 


will also be housed in a tunnel. 


3. The End Station. This area, in which a number of target installa- 
tions would be located, is described in Section IV. Im this area, the 


beams will be kept at the same level as before. 


4. Other. Various fabrication, maintenance, and equipment houses, 


as well as storage and handling facilities will also be needed. 


B. SITE DESCRIPTION 


It should be noted first that there are few sites available at 
Stanford or anywhere on the San Francisco Peninsula for an installation 
12,600 feet long. Such a site exists, however, at Stanford in the hills 
to the southwest of Foothill Road. This site is indicated in outline 
on the aerial photograph (Frontispiece) and on the contour map 
(Fig. IV-C-1). 

While it is contemplated that the actual width of the accelerator 
structure, consisting of two parallel tunnels, would be about 70 ft, 
it is believed desirable to have available a strip 1,000 feet wide for 
the first 10,000 ft. The area involved is 230 acres. The beam switching 
and target areas increase the length of the planned installations to a 
total of 12,600 ft. A much greater width is needed here than along 
the accelerator for three reasons: (1) The mlti-Bev particles pro- 
duced by the accelerator are highly relativisitic, and the equipment 


required to deflect and study them is necessarily very large. (2) Much 
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of the area mist be devoted to shielding against radiation; such shielding 
would take the form of walls, mounds, or open space (for air scattering). 
(3) It is impossible to predict what type of experiments will be most 
fruitful, and it is likely that space requirements for some future experi- 
ments will exceed those of experiments now being considered; hence, it 

is desirable to reserve a large area for experimental purposes. It is 
therefore estimated that a tract of about 150 acres will be needed for 


the Switchyard and End Station areas. Figure IV-C-2 shows a possible 


layout of this tract. 


C. BUILDINGS, AND GROUNDS DEVELOPMENT 


Table IV-C-l presents in some detail the estimated requirements for 


buildings, utility areas, parking, roadways, etc. These will occupy 


approximately 30 acres. 


D. NOTES CONCERNING THE SITE 


The terrain is hilly, and the proposed site is crossed by (1) three 
creeks, of which one--that at Page Mill Road--is sizable; and (2) by 
Page Mill Road itself. The accelerator crossing at Page Mill Road is an 


expensive undertaking, but can be quite readily accomplished. 
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TABLE IV-C-l. Buildings and Grounds Development 


A. Buil s by T 


1. Equipment and Materials Storage: 


ae Accelerator 
b. Klystron factory 
c. Research 


Observation and Service Buildings: 


a. Observation houses 8,000 
bd. DC generator and magnet control 
vaults: 
1) Beam switchyard 3,000 
2) Research 18,000 
Emergency power plant 
(accelerator lighting and 
ventilating) 1,000 
ad. Receiving, Stores, Inventory 2,000 


End Station "Test House": 
with crane supports and rails, 
heavy floor with utility trenches 


Shop Space: 


a. Accelerator: Machine and 
electroforming shops 
Accelerator: Mechanical and 
electrical maintenance shops 
Klystron factory: Machine, 
brazing, etc. shops 


Research: Machine, welding 
and brazing shops 
Buildings and grounds 
equipment shops 

f. Heating plant 

@- Mobile stock garage 


5e Laboratory Space: 


a. Accelerator control room 5 ,000 
b. Accelerator prototypes 13,500 
ce Klystron factory: Assembly, 
electroplating, inspection,etc. 7,500 
ad. Research: Physics Laboratory 10,000 
e. Research: Electronics shop 6,000 


5Simple construction, much like warehouses. 
Like above, but with semi-finished interiors. 
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6. Offices: 


a. Physicists and engineers 

b. Klystron factory 

c. Administration and general 
services 


Sub-total, Buildings - 


B. Outdoor Utility Areas: 
1. Storage and Plant Facility: 


@. Bricks and general material 


storage - Research 


b. Material storage-Accelerator 


c. Oil storage - Accelerator; 
buried in ground 


a. Recirculating water - Experi- 
mental houses; 3000 sq ft at 


each house 


e. Recirculating water - Accel- 


erator; for 2-mi length of 
accelerator 


B88 


20 ,000 
10,000 
4,000 


9,000 


30 ,000 


f. Recirculating water - Klystron 


factory 

@- Power substation 

h. Material storage - Klystron 
factory 

i. Corporation Yard storage 


2. Parking, etc. 
3. Roadwa setbacks, site 


Sub-total, Outdoor Utility Areas - 
TOTAL - 


—_———— 


1,000 
10,000 


etc. 
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94 ,000 
90,000 
725,000 


393,500 


1,302,500 sq ft 
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APPENDIX IV-D 
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Description of AC Power Distribution System 


A. SUMMARY OF POWER REQUIREMENTS 


An estimate of the installed power capacity required for the various 


areas Of Project M is given below. 


9 


1. Accelerator and Klystron Tunnels 


Modulators (estimated from speci- 
fications of modulators, ~ 80% 
effective) 


Auxiliary equipment for accelerator 
and modulators 


Lighting of tunnels (assumes 4 w/sq 
ft in klystron tunnel, 2 w/sq ft in 
accelerator tunnel) 


Total 


2. Beam Switchyard 
AC power to run the DIC generators 
for the deflecting magnets (estima- 


ted from a rough design of deflec- 
ting magnets 


Auxiliary equipment (vacuum pumps 
and lights; estimated by rough 
computation of number of vacuum 
pumps required plus 4 w/sq ft 

for lighting 


Total 


3. End Station (one target house 
of 200,000 sq ft) 


Lighting (4 w/sq ft) 


Misc. installed power capacity (crane, 


Outlets, welding, etc.; estimated on 
the basis of desired convenience and 
approximate scaling of Mark III end 


statior. ) 


Electronics, etc. {required for 
experiments, estimated on the basis 
of Mark III exper‘ence) 


Total 


Additional for 


Stage I Stage II Total for Stage II 


9,910 kva 


3, 700 


1,400 





15,010 


2,500 


1o 


500 


500 


9,910 kva 


or ? 3,700 


1,400 





15,010 


2,500 


2,800 
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It is not planned to initially install sufficient AC capacity 
for the large DC generators which will eventually be used in the 
end station. However, underground conduit boxes from the main sub- 
station sufficient to carry 10,000 kva will be reserved for this 
purpose. 

4. Power Requirements for the Administration Building, Shops, and 


Laboratories (exclusive of the end station facilities 


Additional for Total for 
Stage I Stage II Stage ITI 


Total installed capacity 5,000 kva 0 5,000 kva 
To estimate the power required for this installation, we consider 
the building areas listed in the site and buildings Appendix IV-C, 
Item 1, which contains the following figures: 
Shop 77,000 sq ft 


Labs 42,000 sq ft 


(exclusive of end station) 


Offices 24,000 sq ft 
Warehouses 50,000 sq ft 
Total 193,000 sq ft 
We estimate the power requirements for building of this type as 
follows: 

Lighting 
Nominal installations of convenience 
outlets, 1000 outlets at 20 amps for each 
5 outlets 
Klystron Shops 
Accelerator machine shops (estimated 
from machine and electroplating 
requirements ) 
Laboratories - 35,000 sq ft (estimated 


as 10 w/sq ft on basis of Mark III 
electronics + counter labs) 


Prototypes and auxiliary equipment 
Total 
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5» Outdoor lighting and lighting for utility areas 
Additional for 
Stage I Stage II Total 
500 kva 0 500 kva 
(Very rough approximation, but this requirement should be a small fraction 


of the total.) 


SUMMARY 

Accelerator 15,010 kva 
Beam Switchyard 2,800 
Target House 3,800 
Admin., Shops, and Labs 5 ,000 


Qutdoors, etc. 500 


Grand total 27,110 


B. POWER DISTRIBUTION SYSTEM 


The planned AC power distribution system is comprised of a main 
feeder and a main substation and seven local distribution systems as 
described below. A diagram indicating the main cable runs is show in 
Fig. IV-D-l. 

1. Main Feeder. The Pacific Gas and Electric Company has studied the 


problem of bringing power to the Project M site. They propose to bring 


in two lines (one from Los Altos and one from Menlo Park) at a voltage 


of 66 kv. At the main substation, the voltage will be reduced to values 


suitable for transmission in underground cable. 


é. Description of Substation Components. 
@) Main (28,000 kva required) 
2 - 14,000 kva 66 kv air circuit breakers 


2 - 14,000 kva 66 kv/4 kv transformers 
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4 kv air circuit breakers 
Meters, controls, etc. 

b) Accelerator substations (four in all, total 16,000 kva). These 
are very rudimentary substations containing only circuit breakers. 
They should be equally spaced along the length of the accelerator; 
perhaps they should be inside the klystron tunnel. Each substation 
feeds five 4 kv lines to supply 10 power supplies and auxiliary power 
for 2,500 ft of accelerator. The transformers to 208 v will have to be 
inside the tunnel. The accelerator substation contains five & kv air 
circuit breakers. 

c) Beam Switchyard Substation (2,800 kva) 

5 - kkv air circuit breakers 


1 - & kv/208 v 300 kva transformer 


POV EEFR Sav 


10 - 208 v breakers 
Meters, etc. 
da) Substation for the Administration Building, Labs, Shops, and 
Outdoor Lighting, (5,500 kva). 
1 - 4 ky air circuit breaker 


( 
t 
: 
t 
x 
4 
. 


2 - 4 kv/208 v 3,000 kva transformer 

100 - 208 v breakers 

Meters, etc. 
e) End Station Target House Substation (3,800 kva, Stage I, 
4,300 kva, Stage II) 

2 - 4 kv air circuit breakers 
2 - 4 kv/208 v 2,000 kva transformer 
20 - 208 v breakers 


Meters, etc. 








STANFORD LINEAR ELECTRON ACCELERATOR 423 


4 KV LIVE FROM 
MAIN SUBSTATION ~ 








PE 
0 4000 FT. a} 
= ACCELERATOR ~ | 
is SUBSTATION | 
a | [ om 
_ | 
7 | | ACCELERATOR 
— 0) SUBSTATION 
— | 


cane 


in 
q 
Ie 


— 
J 
ACCELERATOR —— 
SUBSTATION O 

= 





2500 FT.| DETAIL OF 4KV WIRING 
mer TO 10 ACCELERATOR 
| POWER SUPPLIES 



















54S OP Sh 





ACCELERATOR 
SVEBSTATION 





PPO 0 EF 


MAIN PGEE 
SUBSTATION LINES 
G6 KV 


ALL LINES OUT OF MAIN 
SUBSTATION ARE UNDERGROUND 
ANO ARE 4#KV 3D 


FO AT Ore 


2000 FT- 


— AA © hl he 


ADMIN. ETC. 
DISTRIBUTION 
SYS7Er7 


SEAM 
| SWITCH YARD 


SUBSTATION 


|6000 ET. 
| 


DISTANCES SHOWN REPRESENT 
TOTAL CABLE LENGTHS REQUIRED Sacaenartatienne’ 
FOR BACH INSTALLATION 


| TARGET AREA | 
Lcaeeinatneiasiania 
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C. MAJOR POWER UNITS TO BE LOCATED IN THE ACCELERATOR TUNNEL 


1. Power Supplies. There will be 40 200 kw power supplies used on 
the Project M accelerator. Each of these will supply IC to 250 feet of 
the machine, initially to 12 modulators and, if feasible, to 23 modulators 
at a later date (Stage II). These are conventional high-voltage wits 
whose kva rating is somewhat higher than for a resistive load due to the 
peak current drawn during the charging cycles. 
Each power supply will contain the following items; 
1) An AC fused disconnect 
2) An AC circuit breaker 
3) A tapped auto-transformer with variacs for voltage control 
over a 30% range (or any device which will do the same job, 
such as an induction regulator. ) 
4) A 3-phase step-up transformer to the proper voltage level. 
5) A set of suitable rectifier tubes (preferably mercury-vapor 
connected in a 3-phase, full-wave circuit. 
6) Metering to measure the DC output voltage and current and 
the AC input voltage, current and power. 
7) Suitable overcurrent protection. 
A block diagram and list of specifications for these power supplies 


follows: 


——— 
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Specifications Stage I Stage IT 
1) DC output voltage 9.0 kv 13.7 kv 
2) Average current 21.8 amps 13.6 amps 
3) Power output 196 kw 188 kw 
4) Input voltage (AC) 4.16 kv 4.16 kv 
5) Charging cycle (resonant) 360 cycles /sec. 60 cycles/sec. 
6) Full wave, 3-phase 
rectifiers owe - 
7) Peak current 34.2 amps 21.4 amps 


Modulators. In the initial operation of the Project M accelerator, 


480 modulators will be used. These units will convert the DC from the 


power supplies into pulses 2 psec long on their flat portion. The pulse 


rate of these units will initially be 360 cycles per second but will be 


reduced as the voltage on the klystrons is raised so as to remain within 


the initial power supply rating. The charging choke may either have to 


be adjustable or changed when this is done. 


Each modulator contains the following items: 


1) 


Pulse transformer 1:24 
Filament transformer 
Pulse line 

Plug in spark gap switch 
Charging choke 

Gap trigger 

Charging diode 

Circuit breaker 


Disconnect switch 








10) 
11) 
12) 
13) 
All 
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Trigger booster amplifier 

Focus supply 

Klystron focusing coils and X-ray shielding 
Klystron socket 


of these items are mounted in or on a stainless steel tank which 


can be rolled into position. This permits easy interchange of defective 


units. Those items most subject to failure (the gap, charging diode and 


klystron) can be replaced without removing the module. It is felt that 


this equipment can be packaged ina 4 x5 ft area; the height would be 


about 6 feet. 
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INTRODUCTION 


A Statement of Work 


This report is submitted in fulfillment of Atomic Energy Commission 
contract No. AT(04-3)-227, dated June 3, 1958. Under this contract 
William M. Brobeck & Associates, Oakland, California, assisted by 
their sub-contractor, Kaiser Engineers, Division of Henry J. Kaiser 
Company, Oakland, California, is required to prepare: 


1. An estimate of the construction costs of the complete 
two-mile Linear Electron accelerator as defined below 
through Stage II. 





2. An estimate of construction costs of Stage I of the pro- 
ject and a comparison with that contained in the 
Proposal 


in the Proposal 


It should be noted, as pointed out in Dr. Panofsky's letter to Dr. John H 
Williams, dated June 4, 1958, that Part I of this report goes beyond the 

Stanford Proposal. Their proposal specifically proposed the construc - 
tion of a Two-Mile Accelerator in the Stage I version. This report, as | 
can be seen from the above, includes an estimate of costs through 
Stage II. It further provides estimates of the University overhead alloca- | 
tion whereas the Stanford Proposal noted that funds would be required 
but did not include estimates 


| 
3. A brief review of the annual recurring costs included 


This report also changes some of the design assumptions in the Stanford | 
Proposal as summarized later. These changes resulted from recommenda+ 
tions either by Stanford, the engineers preparing this report or changed 
conditions since preparation of the Stanford report. 


A somewhat different format has been used in presenting budgets and esti- 
mates to more closely fit the Atomic Energy Commission pattern 


B. Definition of Terms 


1. "The Stanford Proposal" refers to the ''Proposal for a Two-Mile Linear 
Accelerator,'' dated April 1957, prepared by Stanford University, 
Stanford, California 


2. "Stage I'' and "Stage II" refer to phases of construction as defined by | 
Stanford. Stage I includes the construction of a Two-Mile Accelerator 
powered by 480 Klystrons of at least 6 MW peak output R-F power each 
It includes the installed power capacity, water circulation, site facili- 
ties and end stations required for both Stage I and Stage II. The 
primary differences are: 


i 
| 
i 
| 
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Introduction (Continued) 
a. No. of Klystrons supplying Suge ! Stage 1 
power to the accelerator 480 920 
b. Beam energy 15 to 30 BEV Approx. 45 BEV 
c Repetition rate 360 cycles per sec 60. cycles per sec 


"Costs of the Complete Accelerator" as used above is understood to mean 
a turnkey job including all construction costs to build an operable accel- 
erator including project and University management and overhead costs 

It further includes the auxiliary research facilities necessary for initial 
use of the machine 
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SUMMARY 


1 . Total Construction Costs 


a. The total construction costs of the complete project through Stage II 
is estimated at $127, 389,000. 





b. The total construction costs for Stage 1, is estimated at $115,996.000, 


The following is a comparison of the Stanford costs for Stage I versus 
Brobeck estimates: 


Stanford Brobeck 
Costs estimated by Stanford $ 78,071,000 $ 85,840,000 
Additional Coste not estimated 
by Stanford --- 5,598,000 
Escalation & Contingency -*- a 24, 558,000 
Total " $ 78,071,000 $115,996, 000 
———————————E—= = 


Detailed comparisons of these costs are provided in subsequent sec- 
tions. 


ms Recurring Costs 


| 
| 
| 
| 
| 


a. The estimated recurring costs each year are: 
Stanford Brobeck 
Operating Costs $10,038,000 $ 13,020,000 
Plant & Equipment Costs 4,275,000 3, 725, 000 
Total $ 14,313,000 $ 16,745,000 | 
—oooe————eeS=== ——SSSSj_=_a=aN—DDE____ 
3. Basis of Estimates 
a. Time Scale: The estimates included herein are based on a con- 


struction schedule starting July 1, 1959, and continuing for a period 
of six (6) years to completion on June 30, 1965. Construction costs 
are based on present prices, plus estimates of escalation of 3.00% 
per year for accelerator components and 4.5% per year for con- 
struction items. 5s? 


b. Accelerator Performance: Brobeck & Associates has assumed no 
responsibility for estimating the intensity, energy or other capa- 
bilities of the accelerator electron beam but has estimated the facili- 
ties necessary to achieve the proposed 90% operating factor assum- 
ing a reasonable startup period. 


* Some escalation is included in the Stanford Proposal but amounts 
are not stated. 
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A study has been made of existing data on Klystron tube life. 
This study indicates that an improvement of a factor of two in 
reliability is needed to meet the specification of the Proposal. 
We agree that this improvement is reasonable to expect as a 
result of reduction of power output and an energetic tube de- 
velopment program. In our opinion, the facilities proposed 
will provide 90% innage at the initial power level. 


Technical Design 


In the preparation of these estimates our instructions were to follow 
the design specified in the Proposal except in those cases where the 
design appeared impractical or would result in excessive expense. 
In those cases we were to change the design, if possible, and esti- 
mate the costs based on the changed design. With minor exceptions 
we find the design proposed to be practical and not excessively ex- 
pensive. 


The Proposal specifications of this design which effect the costs are 
summarized in Table I. The departures from the design on which we 
have based our costs are listed in Table Il. 


The purpose of the design work undertaken was to provide the nec- 
essary basis for the cost estimate. No attempt was made to op- 
timize the design other than to avoid solutions which required ex- 
cessive costs. It would be expected that an optimized design would 
be less expensive than the one estimated. On the other hand, not 

all the design problems may have shown up during the brief period 
available for this study. Some features of the design may be un- 
attractive from an operating point of view but in the cases that we 
know about the cost would not be affected appreciably by the changes. 


Reproductions of the drawings on which our estimate is based are 
included in this report. 
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TABLE I 


* BASIC DESIGN SPECIFICATIONS 


Accelerator Length 10,000 Feet 
Klystron Tunnel Cross Section 22 x 24Feet 
Accelerator Tunnel Cross Section 12 x 10 Feet 


Number of Klystrons in Operating Positions 


Stage I 480 
Stage II 920 
Average DC Plate Power to Klystrons g000 KW 


Initial Peak Output RF Power per Klystron 6 MW 
Number of Developed Beams 3 


Site and Tunnel Location As specified in Proposal 


* Detailed specifications will be found in the appendices 
for corresponding parts of the project. 


~ 





al 
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TABLE Il 


CHANGES FROM STANFORD PROPOSAL 


. No inflamable oil is to be used in the tunnels. 


. DC deflecting magnets and phase meters are to be used in place 


of pulsed deflecting magnets for phase adjustment. 


A single 110 KV power line is estimated with provision for a 
future line instead of two 66 KV lines. This change has been 
necessitated by changes in the Pacific Gas & Electric Co. 
system since the Proposal. 


. Secondary power is distributed at 13.8 KV and 480 volts 


instead of 4160 volts for reasons of economy. 


. Additional office building space of 16,000 square feet is provided 


for engineering and service staff. 


. Alcoves are provided off the Klystron tunnel for the DC power 


supplies, control consoles, 480 volt substations and control 
cross-connect wiring. 


. Motor-generators and associated electrical equipment and structures 


are provided to supply 10,000 KW of DC power to the end station 
research equipment. 


An initial complement of eqiipment for use in research with the 
machine is included. 


. Some advantage has been taken of multiplexing in the control 


circuits. 
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II 


SUMMARY 


CONSTRUCTION COST ESTIMATE 
COMPLETE TOTAL THROUGH STAGE II 


Estimate 
Description x 1000 
1. Site, Utilities, Buildings & Tunnels 
a Engineering, Design & Supervision > 2; 290 
b Site Development 1,037 
c. Plant & Accelerator Utilities 8,978 
d Tunnel Shafts 20, 351 
e Buildings 7,242 
f Power Supply - Structures 1, 900 
g Building Partitions, Installed Equip. , etc 560 
h Miscellaneous 274 
2. Accelerator Development 
3. Accelerator Construction 
a Engineering, Design & Supervision $ 3,520 
b Accelerator Tube & Accessories 3,169 
c. Radio Frequency System 19,522 
d Beam Control System 846 
e Vacuum System 3,650 
f Beam Switching Magnets 426 
g Control & Instrumentation 4,693 


4. Construction, Research & Misc Equipment 
Sub-total 


5. Escalation 


6 Contingenc y 


Total through Stage II 





Estimate 
x 1000 


$ 42,532 


14,425 


35, 826 


7,384 
$100, 167 
15,410 


_11, 812 


$127, 389 
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SCHEDULE A 


SITE, UTILITIES, BUILDING AND TUNNEL ESTIMATE 





* Estimate 
l Engineering, Design and Supervision x 1000 
Site Development $ 240 
Plant Utilities 701 
Tunnels, Shafts, etc. 438 : 
End Stations 307 ‘ 
Buildings 504 ‘ 
Total $2, 190 . 
32 2 Site Development o 
‘ 
25 Site Preparation $ 568 : 
Road & Parking Areas 188 e 
Storm Drains 179 \ 
Fencing & Landscaping 102 ' 
Total $1, 037 ; 
| 3. Plant & Accelerator Utilities “ 
ee ‘ 
826 | Water Supply and Storage $ 98 , 
Cooling Water (Demineralized) 2,914 
= Cooling Water (Raw) 315 
i" Compressed Air Facility 1,614 
— Air Conditioning, Ventilation & Chilled Water ven 
S12 Yard Electrical Work 3,234 
Miscellaneous Yard Utilities 32 
389 


—— Total $8,978 
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Tunnel, Shafts, Etc 


Accelerator Tunnel 
Klystron Tunnel 

Vaults & Alcoves 

Cross Drifts 

Cross Bores 

Shafts 

Beam Switchyard 
Miscellaneous Tunnel Piping 


Tunnel Electric 


Total 


Buildings 


End Station & Shielding 
Two-story Lab at End Station 
General Service Building 


Klystron Factory and 
Prototype Lab 


Accelerator Storage & Shops 
Administration Building 
E & S Building 


Accelerator Control House 


Total 


. C. Power Supply End Station 


(Includes Structure, Cooling Water 
& AC Power Supply) 


Sq Ft 


200, 000 
41,000 
14,000 
46,500 


46,000 
16,000 
16,000 

5,000 





ACCELERATOR 


Estimates 
TF ees 
S 3,271 
8, 345 
ee 
371 
576 
493 
542 
357 
4,875 
$20, 35! 


$5,251 
611 
itz 
432 


390 
160 
160 


126 


$7,242 


$1,900 
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7 Building Installed Equipment, Installation and Miscellaneous 


Sq.Ft *e 1000 
End Station 200, 000 $200 
Two-story Lab at End Station 41,000 82 
General Services Building 14,000 28 
Klystron Factory & Prototype Bldg. 46,500 93 
Accelerator Storage & Shops 46,000 93 
Administration Building 16,000 32 
E & S Building 16, 000 32 
Accelerator Control House 5,000 --- 
Total $560 ‘ 
8. Miscellaneous a 
Klystron Heater Control Transformer $ 34 
Steel Beam Backstops 240 a 
Total $274 


Grand Total - Schedule A $42, 532 
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II 


SCHEDULE B 


ACCELERATOR DEVELOPMENT 


Estimate 
Description x 1000 
1. Prototype Laboratory Construction 

Prototype Accelerator (160 ft.) $ 908 
Component Test Stands (10) 762 
Klystron Life Test Stands (10) 500 
Equipment Utilities 305 
Sub-total > 2,475 
Engineering Design & Supervision 15% 325 

Klystron Tubes for Tube Development 
Program 500 


Zs Prototype Laboratory Ope ration 
5. Systems & Component Development 
4. Production Development 
Klystron Production ~ 10 people for 6yrs. $ 940 
Accelerator Tube Production - 10 people 


for 3-1/2 yrs. 550 


5. Scientific Staff 
4 people for 6 yrs. 


6. Accelerator Startup 


7. Mis cellaneous Supplies 


Total Accelerator Development - Schedule B 





E stimate 
x 1000 


$ 3, 300 
1, 100 


5, 050 
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SCHEDULE C 


ACCELERATOR CONSTRUCTION 


Estimate Estimate 
Description x 1000 x 1000 
a 1. Engineering Design & Supervision 
a. General Overall Design $ 290 
b. RF System 1,038 
c. Vacuum System 1,060 
d. Liason with AE Firm 380 
e. Research Equipment 330 
f. Other 422 $ 3,520 
2. Accelerator Tube & Accessories i 
3, 300 7 
a. Electroforms $ 2,313 ‘ 
| 100 b. Cooling Jacket & Magnetic Shield 258 , 
, c. Supports & Adjusting Mechanism 381 
5, 050 d. Cooling Water Connections 217 3,169 
3. Radio Frequency System 
a. Klystron Tubes (1200) $ 4,800 
1. 490 b. Klystron Modulator Cubicle (includes 10,228 3 
"i shields & focus coils) ef 
c. Klystron Modulator Cubicle Accessories 762 
385 (includes stand & water & air connectors) 
: d. High Voltage Power Supplies (40) 1,044 
1. 100 e. Klystron RF Input System 1,861 i. 
' f. Klystron RF Output Waveguide System 622 ts 
2, 000 (not including phase meter connections) i! 
— g. Trigger System 205 19, 522 
A. 4. Beam Control System 
a. Injector & Inflector System (40) $ 373 
(includes power supply & vacuum 
chamber) 
b. Deflecting Magnet System (40) (includes 261 
supports, power supplies, vacuum 
chamber) 
c. Non-intercepting Beam Pickup Electrodes i 
(including vacuum chamber) 
d. Degaussing System 36 
e. Steering Magnets & Supports 108 


f. Focusing Magnets & Supplies 55 846 
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Description 
ee 


Vacuum System 


Diffusion Pumps 

Mechanical Pumps 

Valves, Traps & Expansion Joints 
Piping & Pipe Supports 


7. Controls & Instrumentation 


roa roan ow 


Communications 

Central Klystron Monitors 
Miscellaneous Control Equipment 
Control Wiring & Consoles 

High Speed Signal Coax 

Phase Meter System 

Vacuum Gages 

Vacuum Valve Indication & Controls 


Total 


ACCELERATOR 


Estimate 
x 1000 


$ 


1,895 


Beam Switching Magnets & Focusing Magnets 


239 
335 
1,181 


42 
395 
1,211 
1, 355 
135 
449 
1,020 
86 


Extimate 
x 1000 


$ 3,650 
426 
4, 693 


$ 35, 826 





mh 


w 
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nate = 
00 
SCHEDULE D 
CONSTRUCTION, RESEARCH AND 
MISCELLANEOUS EQUIPMENT 
}, 650 
1, Klystron Factory Equipment (Appen. IV) Estimates Estimates 
426 x 1000 x 1000 

a. Machine Shop $ 450 

b. Tube Assembly 175 

c. Tube Processing 610 

d. Stage Il - Additional ___ 135 

Total $: 370 
2. Accelerator Tube Manufacturing Equip. 
(Appen. V) 

a. Electro forming Facilities $ 397 
4, 693 b. Machine Shop 250 

c. R-F Test Equipment 37 
5, 826 Sr 

Total $ 684 


3. Construction Tools and Test Equipment 
a. R-F Test Instruments(Accelerator)$ 504 


b. Vacuum and Mechanical Test 
Instruments 176 


Total a $ 680 
4. All Other Research and Test Equipment $1,912 

Total $1,912 
5 Hauling & Handling Equipment 


Trucks and Fork Lifts $ 55 
Cars and Miscellaneous 15 


Total $ 70 


6. Major Research Equipment 


a. Counting Equipment $ 198 
b. Research Magnets 1,000 
c. Unspecified Large Research 

Equipment 1,000 
Note: D. C. Generators Plant 
~ Estimate 


Total $2,198 








442 


STANFORD LINEAR ELECTRON ACCELERATOR 


7. All Office Furniture and Equipment $ 470 





Total Construction, 
Equipment 


SCHEDULE E 


Escalation 


Site, Utilities, Building and Tunnels 
Accelerator Development 
Accelerator Construction 
Construction, Research and Miscel- 
laneous Equipment 


Total 


SCHEDULE F 
CONTINGENCY 
Site, Utilities, Building and Tunnels 
Accelerator Development 


Accelerator Construction 


Total 


Research and Miscellaneous 


$ 7,34 


$8, 000 
2,000 
4,500 
A. 
910 
$15,410 
SSS 
$7,452 
2,310 B. 
2,050 
$11,812 ; 
Cc. 
D. 
E. 
Fe 
G. 


Tot 
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III 


SUMMARY 





CONSTRUCTION COST ESTIMATE 


Comparison with Stanford Estimate 


Stanford 


Estimate 
Description x 1000 


A. Accelerator Design, Fab. & Test 


1. General Design, Engr. & Test $ 13,490 
2. Power Facilities 11,048 
3. Prototype Units 1,554 
4. Accelerator Proper 6, 427 
5. Klystron Amplifier, 6 MW 2,619 
6. Beam Switch Yard & End Station 750 
7. Control & Instrumentation 6, 748 
Total $ 42,636 
B. Equipment 
1. Fabrication & Test $ 5,000 
2. Hauling & Handling 974 
3. Furniture, Storage & Office 310 
4. Major Research --- 
5. Initial Complement --- 


Total $ 6,284 


C. Administrative & General Services$ 7, 478 


D. Tunnels, Buildings & Grounds $ 21,672 
E. Reimbursement to the University * 
Sub-total $ 75,071 


F. Escalation — 


G, Contingency --- 


Total $ 78,071 


* Not estimated by Stanford. 


Stanford 
Estimate Brobeck 


OH Prorated Estimate 
x 1000 x 1000 


$ 18,024 $ 15,470 


12, 558 15,869 
1,810 as ate 
7,762 11, 751 
3,184 2, 681 

846 861 
1.298 ___5,271 


$ 51,482 $ 54,378 


$ 5.13133 §$ 4,511 


974 1,146 
310 470 
--- 4,098 


$ 6,417 $ 10,225 
Prorated 


$21,672 $ 26,835 


Prorated 
579,571 F OT, 58 
one $ 13,156 
--- $ 11,402 


$ 79,571 $ 115,996 
———= ———_—_ 
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ACCELERATOR 


GENERAL DESIGN, ENGINEERING & TEST 


Enginee rs: 


General Specifications 

Klystron Tubes and Factory 
Klystron Production Engineer 
Accelerator Tube Production 

Engineer 

Power Supply Design 

Controls and Instrumentation (Design) 

Specific Design & Components Tests 
Liason with AE Firm 
Prototype Design Engineer 
Experimental Equipment Design 
Prototype Facility Oper. 
Systems & Components Dev 
Start Up 


Suppo rting Staff: 


Draftsmen 

Laboratory Technicians 

Machinists 

Electricians 

Electronics Technicians 

All Technicians & Trades 
Total Supporting Staff 

Scientific Staff: 
Purchases 

Klystron Tubes.for Liie Tests 


Total 


Stanford 
Estimate 
_x1000_ 


$ 224 
310 


310 
474 
2,112 


$ 3,430 


$ 1,236 
4,362 
1,236 

618 
618 


$ 8,070 


$ 1,990 


$13,490 


Stanford 
O.H. Prorated 
Estimate 


x1000 


$ 312 
432 


432 
661 
2,943 


$ 4,780 


$ 1,723 
6, 084 
1, 723 

862 
862 


$11,254 


$ 1,990 


$18,024 


Brobeck 
Estimate 
x1000 


$ 145 
190 


110 
10 

90 
580 
260 
160 
160 
220 
2,020 


300 


$ 2,600 


$ 2,000 


500 


$15,470 


Di 


43 
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: SCHEDULE A-2 
—~ POWER FACILITIES 
Stanford 
Stanford O.H. Prorated Brobeck 
5 Estimate Estimate Estimate 
x1000 x1000 x1000 

0 

Description: 
0 
0 P.G. &E. Line $ 310 $ 310 $ 258 
0 Substations and Feeders A.C. 2,158 2,158 7.207 
0 D.C. Cable Accelerator 26 32 7 
0 D.C. Modulator and Power 
5 Supply Cubical 7,289 8,576 6,793 
0 Special Wiring - Interior & Alarm 1,265 1,482 21 
0 Compressed Air for Space Gap 1,590 
0 et eee ae arate 
0 Total $11,048 $12,558 $15, 869 
5 

SCHEDULE A-3 

0 PROTOTYPE UNITS 

Components and Installation $ 1.37} $ 1,427 $ 1,508 

Shielding 383 383 162 

Utilities 305 
40 Klystron Life Test Stand 500 < 
40 Total $ 1,554 $ 1,810 $ 2,475 
85 
00 
00 
70 


43633 O—59—— 29 
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SCHEDULE A-4 
ACCELERATOR PROPER 
Stanford 


Stanford Estimate Brobeck 
Estimate OH Prorated Estimate 


Description x 1000 x 1000 x 1000 
Accelerator Pipe Sections $ 2,564 S 3,401 §: 2,571 
RF Couplers & Installation 335 457 160* De 
Waveguide (all) 690 775 1, 658 Va 
Windows 186 250 50 Co 
Vacuum Pumping System (to switchyard) 442 519 >,,580 Sig 
Cooling Water Manifolds 355 431 3,294 Ste 
Cooling Water Recirculating System 1, 640 1,650 
Accelerator Support 215 279 438 
Total $ 6,427 S ti. tee $ li. aoe 
——————SE SS es ———— *] 


SCHEDULE A-5 


KLYSTRON TUBES 

Tr 

Stanford Inf 

Stanford Estimate Brobeck Au: 
Estimate OH Prorated Estimate 

Description x 1000 x 1000 x 1000 = 

O01 

630 Klystrons $ 1,856 $ 2,416 $ 2,520 Otk 
480 Shields & Focusing Coils 763 768 161 


Total $ 2,519 $ 3,184 $ 2,681 


* RF Coupler Integral With Accelerator Pipe. 
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SCHEDULE A-6 


BEAM SWITCH YARD & END STATION 


Stanford 
Stanford OH Prorated 
Estimate Estimate 
x1000 x 1000 
- Deflection System $ 406 $ 471 
Vacuum System 164 173 
) Cooling Water System 38 38 
) Signal & Communications 142 164 
: Steel Plug Shield --- --- 
3 Total $ 750 $ 846 
] 
= *Not separated from the Accelerator Proper 
SCHEDULE A-7 
CONTROLS x INSTRUMENTATION FOR THE 
ACCELERATOR PROPER (SCHEDULE A-4) 
Consoles and Wiring $ 1,684 S 2.12) 
R-F System 2,640 2,659 
Trigger System 85 90 
Inflection and Deflection Systems 638 675 
>k Auxiliary Systems -- Includes Steering, 
te Degaussing and Beam Pickup 1,701 hy toe 
) Vacuum Gages -<- aetna 
a Communiations & Signals — hai 
520 Other Controls & Instruments --- --- 
l 
16 Total $ 6,748 $ 7,298 


447 


Brobeck 
Estimate 


$ 


$ 


wr 
vi 


sae... 


426 
195 
---* 


240 





861 


, 097 
, 059 
190 
632 


213 
594 
102 


, 384 
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SCHEDULE B-1l 





ACCELERATOR 


FABRICATION & TEST EQUIPMENT 


Description 


A. Klystron Factory 


Parts Fabrication & Inspection 
Shops 

Tube Assembly 

Tube Processing 

Air Conditioning & Ventilation 


Total 


B. Accelerator Proper 


Electro-forming 

Machine Tools 

RF Test Equipment 

Air Conditioning 

Installation 
Total 

C. All Other 

1. Tools & Test Instruments 

for Accelerator Proper 


2. Miscellaneous 


Total 


Total Fabrication & Test Equipment 


* See Schedule D 





Stanford 

Estimate 
x 1000 

$ 421 

188 

609 

35 

$ 1,253 

$ 364 

425 

37 

l 

— 128 
$ 955 

$ 2,792 

S 2,792 


$ 5,000 


Stanford Brobeck 
OH Prorated Estimate 
“= 1000 _x 1000 
$ 426 $ 450 
198 175 
705 610 
35 ee 
$ 1,364 $ 1,235 
$ 364 $ 397 
425 250 
37 37 
l aa 
150 -- 
$ 977 $ 684 
S 2:72 §$ -- 
iis 650 
7 1,912 
$ 2,792 $ 2,592 
$ 5,133 


$ 4,511 








Bo 


Ca) 
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| 
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Il 
SCHEDULE B-2 
HAULING & HANDLING EQUIPMENT 
Stanford Brobeck 
Estimate Estimate 
Description x 1000 x 1000 
Overhead Cranes & Trolley, End Station 
Test House, Beam Switch Yard & 
Research Machine Shop $ 880 $ 877 
Overhead Crane Prototype & Accelerator 
Laboratories & Shop 20 21 
Tunnel Transportation 44 49 
Tunnel Monorails (including rail) -- 102 
Trucks, Fork Lifts, etc. 30 55 
Tunnel Elevator -- 27 
Cars -- 15 
Total $ 974 $ 1,146 
SCHEDULE B-3 
FURNITURE STORAGE & OFFICE EQUIPMENT 
Stanford Brobeck 
Estimate Estimate 
Description x 1000 x 1000 
Bookkeeping Machines, Calculators, etc., 
for Accounting Office $ 45 $ 30 
Calculators, etc. 
Office 10 10 
Furniture, Cabinets, Racks, Shelving & 
Office Equipment 255 430 
Total $ 310 $ 470 
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SCHEDULE B-4 


MAJOR RESEARCH EQUIPMENT 
INITIAL COMPLEMENT 


Stanford 
Estimate 
Description x 1000 
DC Power ~ MG Set, DC Distribution, 
Cooling,AC & Structure for End Sta- 
tion Research $ -- 
Counting Equipment -- 
Research Magnets -- 
Unspecified “ 
Total $ oo 





Brobeck 
Estimate 
x 1000 


$ 


Si 900 
198 


1,000 


__1, 000 


$ 


4,098 
ES 
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SCHEDULE D 


TUNNEL, BUILDINGS, & GROUNDS DEVELOPMENT 


l. Engineering & Des ign 


Stanford-Utah Brobeck-Kaiser 


Estimate x 1000 Estimate x 1000 


a. Engineering Design & Archit. $ 1,094 $ 2,190 
b. Geological Surveys & Exploration 53 -- 
Total S$ 1,7 $ 2,190 
2. Underground Construction 
a. Klystron Tunnel $ 5,980 $ 8,296 
b. Accelerator Tunnel 1,930 3,190 
c. Cross Drifts & Tubes between Tunnels 1,160 926 
d. Ventilation & Escape Shafts 110 467 
e. Tunnel Work in Switch Yard Area 297 522 
f. Air conditioning in Tunnel -- 771 
g- Vaults & Alcoves -- 1, 522 
h. Sanitary Sewer & Drains -- 230 
Total $ 9,477 $ 15,924 
3. Plant & Surface Construction 
a. Page Mill Road Crossing $ 365 $ -- 
b. Open cut work at 10,000 ft. point 40 -- 
c. Open cut work for End Station 685 567 
Sub-total ‘ $ 567 
d. Building Construction 
(1) Unfinished Warehouse $ 93 -- 
(2) Semi-finished Warehouse 445 -- 
(3) Special Warehouse 2,720 3, 384 
(4) Shop Space 3,333 -- 
(5) Laboratory Space 885 -- 
(6) Offices 546 446 
(7) End Station Lab. Bldg. (unfinished) -- 611 
(8) General Services Bldg. (unfinished) -- lll 
(9) Klystron Factory & 
Prototype (unfinished) -- 416 
(10) Accelerator Storage & 
Shop (unfinishe d) -- 384 
Sub-total $ 5,802 $ 5,352 
e. Shielding Bunkers 
(1) Inside Target House $ 2,000 $ 1,020 
(2) Steel Culvert & Backfill 425 -- 
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Stanford-Utah Brobeck-Kaiser 


Description Estimate x 1000 Estimate x 1000 
f. Outdoor Utility Areas $ 485 $ 315 
g- Parking Areas 45 -- 
h. Roadway Setbacks, etc. 290 188 
I. Storm Drains -- 179 
j. Water Supply & Storage -- 98 
Suw- Total $ B20 3 750 
Total = 10,137 Ss 71 


4. General 










Site Preparation, Facilities, etc. 
Security Fencing « Landscaping 194 101 
Site & Security Lighting 79 -- 
Tunnel Lighting 







anv 






Total 






5. Building Installed Equipment 


a. Installation 
(For finishing of unfinished build- 
ing except Research & Shop Equip- 
ment ~ Includes utility distribution, 
from stub.bed-in lines, partitions, 
work benches, ventilation required 

by partitions, etc.) 

















Total Site, Utilities, Buildings & Tunnels 
per the Stanford Report breakdown. $ 21,672 $ 26,835 
| RNS 2 a 
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SCHEDULE E 


ESCALATION 


Des cription 


Site, Area, Utilities, Buildings & Tunnels 
Accelerator Development 
Accelerator Construction 


Construction Research & Misc. Equipment 


Total 


SCHEDULE F 


CONTINGENCY 


Description 


Site Utilities, Buildings & Tunnels 
Accelerator Development 
Accelerator Construction 


Total 


ACCELERATOR 


Stanford 
Estimate* 
x 1000 


Stanford 
Estimate 
x 1000 


453 
Brobeck 
Estimate 
x 1000 
$ 8,000 
2,000 
2,286 
r) 
870 
$ 13,156 
Brobeck 
Estimate 
x 1000 
$ 7,452 
2,310 
1, 640 
$ 11,402 


* Escalation allowance is included in Stanford figures provided b, 


Utah Construction Co., but not identified. 
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ACCELERATOR 


RECURRING COSTS 


Estimates & Comparison with Stanford 


Estimates using Stage I Assumptions 


A. Introduction 


As agreed in the prime contract, the operating costs for the pro- 
posed accelerator have been reviewed briefly. 


sented herein are based on the assumptions that: 


The estimates pre- 


1. Maximum use be made of the accelerator from the AEC view- 
point both in terms of operating time and supporting personnel 


and facilities. 


N 


The operating period estimated is after the start up period. 


3. Labor and material rates are based on 1960 prices, (per Stanford 


Proposal.) 


4. AEC definitions were used for the cost breakdown indicated. 


5. The Brobeck estimate of the University overhead allowance is 
included in the Brobeck column. 


6. The estimate was based on a typical AEC contractor's mode 


of operation. 


7. Non-recurring items were included in the construction estimates. 


Item 6., was used as a basis for estimating since the Stanford assump- 
tions are quite different than would normally be expected. 


B. Summary - Annual Ope rating Costs 


Ope ration 


Klystron Repair & Maint. 
Accelerator Operation & Maint. 
‘Research 

Sub-total 
Administrative & Gen. Services 
University Overhead Allowance 
Equipment not related to Const. 


Total 


* Shown in Thousands. 


Personnel 


Stanford Brobeck 


116 
159 
274 
549 
178 


195 
216 


346 


757 
242 


*Dollars 
Stanford Brobeck 


$4, 731 
3, 700 
2,255 


$ 7, 686 


1,704 


650 


$10,040 


$ 2, 300 
3,578 
3,285 
$ 9,163 
2,407 
250 
1,200 


$13,020 
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Summary - Annual Plant & Equipment Costs 


The construction estimates include the initial complement of research 
equipment and plant items to support this. Even after the first few 
years of operation there will be a continuing demand for plant and 
accelerator improvements. These are divided into 1., General 


Plant Items, and 2., Line Items, according to the AEC use of these 
terms. 


Stanford Brobeck 
1. General Plant Items *$ 1,050 *$ 1,000 
2. Line Items 3,225 an tan 
Total $ 4,275 $ 3,725 
Total Recurring Costs $14, 313 $16, 745 


Conclusions 


Based on this brief survey, it is estimated that the total operating 
costs will be of the order of $13,000,000 for Stage I, as compared 

to Stanford's estimate of $10,000,000. Stage II operations will pro- 
bably not exceed Stage I by more than $3,000,000. Since the Stage I 
estimate is based on a tube life of 2000 hours, actual costs may be 

as high as $15,000,000 if this tube is not achieved. On the other hand, 
if this tube life is exceeded the costs of both Stage I and Stage II will 
be correspondingly reduced. It is conceivable that Stage Il operations 
should end up costing no more than Stage I if significant progress is 
made in increasing tube life or if it is found that running at a reduced 
power level with twice the number of tubes would result in an appre- 
ciable increase in tube life. It will be noted that the operating costs 
include an item for equipment not related to construction. 


The recurring plant costs compare very closely. As noted in Ap- 
pendix VII, we have included the initial complement in the construc- 
tion estimate. 


The overall recurring costs for operations and plant are higher by 
$2,432,000. This is due to the increase in operating costs. The 
total of $16, 745,000 seems like a proper amount when compared 
to the capital cost of the machine. 


* Shown in Thousands. 
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APPENDIX I i 
SECTION A 


ACCELERATOR COMPONENTS 


1. Accelerating Tube and Accessories - Drawing D-11 
a. Accelerating Tube 


The accelerating tube costs are based on the electrofonmed j 
construction in a factory built for the purpose as part of the 

project. The cost of the electroformed tubes includes the 

ope rating expense of this facility but does not include materials. 
After completion of the 1000 tube sections required, ( 920 

used plus 80 spares), this facility would be avaiiable for 

further assignment. The basis of the accelerating tube 

production costs are presented in Appendix V. 


b. Accelerating Tube Accessories 


The accelerating tube is equipped with a stainless steel water- 
jacket which also supports the electroformed tube at two points 
in its ten foot length. } 


The jacket is wound with two layers of mu-metal tape. The 
assembly is mounted on adjustable supports at each 10 foot joint. 

A single convolution Lellows is provided between sections and ' 
each section is anchored longitudinally at the input end. 

The plates supporting the degaussing coil conduits are also 

used to support surveying targets and levels during alignment. 


2. The Klystron Modulator - Drawings D-2 and D-8 


a. Power Requirements } 


The Klystron filament supply requires 277 volts at 4 amperes 
This is a separate circuit excited from a motor driven powerstat 
which enables all of the Klystron filaments within a 250 foot 
sector to be adjusted slowly from 30 per cent to full voltage. 

For individual adjustment, each Klystron modulator contains 

a filament variac. 


The remaining components derive their AC power from a 208 Volt, 
3 kva, three phase circuit. The high voltage DC requirements 
are 9 kv at 1. 8 amps for Stage I and 13.7 kv at 0.6 amps for 
Stage II. 


In addition to the electrical requirements, each Klystron 
cubicle will be supplied with 5 GPM of cooling water in 


App.!: 





fat 


Volt, 


App. |: 
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Stage I and 3. 5 GPM in Stage II, and with 50 CFM dry air 
for the spark gap. These water quantities are slightly 
higher than required by the Klystron tube alone to provide 
cooling for other components. 


Klystron De sign Data 


The Klystron modulator design was based on the following 
parameters: (From Table IV-B-2 of the Stanford Proposal) 


Item Stage I Stage II 
Pulses per second 360 60 
Peak RF Power output 6 Mw 22 Mw 
Beam voltage 200 kv 305 kv 
Beam efficiency 32% 42% 
Power gain 27.5 db 30.5 db 
Peak beam power input 18.5 Mw 52.5 Mw 
Peak beam current 89 amps 170 amps 
Impedance 2250 ohms 1790 ohms 
Average beam power 15.1 kw 7.2 kw 
Focus power 900 watts 1.4 kw 


Electrical Design of the Modulator 


The above data permits a modulating pulse length of 2. 3 
microseconds. If the flat top portion of the pulse is to be 

2.0 microseconds, at least seven sections are required in 

the pulse line. With the 24 to 1 pulse transformer as specified 
by Stanford, the surge impedance of the pulse line should be 
3.12 ohms. The pulse voltage is 12.7 kv and the pulse current 
is 4080 amps. The resonant charging inductance was chosen 
to charge the line in 1/360 second which is required by the 
repetition rate of Stage I. For Stage Il the same charging 
inductance is used; following a pulse, the line is charged 
within 1/360 second and waits 5/360 of a second for the next 
pulse. 


The pulse line is charged from the incoming DC through a 
surge limiting diode, type GL 5973, which is a tube specifically 
designed for this purpose. The diode serves, also, to prevent 
power flow from the pulse line back into theDC power supply 
which would otherwise occur under fault conditions. 


App. 1-2 
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The Klystron modulator is a self-contained, self-protecting 
package. The protective equipment is designed to cope with 
three classes of faults -- (1) destructive faults, (2) non- 
destructive faults, and (3) self-healing faults. The first 
class consists of over-currents such as shorted pulse 

line capacitors. This class of fault removes all of the in- 
coming power to the modulator. The second class of faults 
consists of over voltage which occurs in the event of loss 

of Klystron cathode emission or loss of Klystron filament 
current, and such things as open panel interlocks, loss of 
Klystron beam focussing current, loss of spark gap air, or 
loss of cooling water. This class of fault opens the high 
voltage circuit breaker and closes the high voltage grounding 
relays until the fault is removed. The third type of fault 
consists of loss of wave-guide or accelerator vacuum. 

In most cases this will simply be caused by the surfaces 
outgassing; the RF needs to be removed only long enough to 
permit the vacuum pumps to remove the products of the 
discharge and re-establish high vacuum. 


Actuation of the protective equipment is indicated on the 
frent panel of the modulator by a chain of interlock lamps. 
"Chain ready" information, which consists of completion 

of the entire interlock chain except the vacuum interlock, 
and "chain complete" information are available at plug 5 for 
remote indication. In addition, a coincidence circuit 
determines the existence of an RF pulse for each spark gap 
trigger pulse. This "misfire'' information is tabulated by 
a mechanical register, and also is available for remote 
indication. 


The metering on the front panel includes the Klystron filament 
voltage and current, the peak pulse line voltage, the HV DC 
voltage, the average pulse line charging current, the GL 5973 
diode filament voltage, the Klystron beam focussing magnet 
current, the "misfire" register and the operating time meter. 


The front panel controls consist of variacs for adjustment 
of the Klystron filament voltage, focussing current, and 
GL 5973 diode filament voltage. 


As an aid to rapid maintenance, the following signals are 
available for oscilloscope observation: Klystron beam 
voltage and current, pulse line output voltage and current 
and pulse line charging voltage. 
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The spark gap pulser, which is of conventional design, 
employs a Phillijps 5C22. This chassis also contains the 
coincidence circuit which determines whether or not an RF 
pulse exists for each trigger pulse. Briefly, the circuit 
operates in the following way: the negative envelope of the 
RF pulse is obtained by means of a crystal diode and added 
to an attenuated sample of the trigger pulse which has been 
delayed a half microsecond. The trigger sample amplitude 
is adjusted to be equal to that of the RF envelope so that the 
sum of the two is zero. If the RF envelope is absent, the 
sum is positive and triggers the univibrator which actuates 
RE lf and, by means of its contacts, transmits the information 
externally. 


The beam focussing power supply uses silicon diodes ina 
six phase star circuit. The ripple in the focussing magnetic 
field is, therefore, synchronized with either the 360 cps 

of 60 cps pulsing rate. 


The modulator high voltage cable is permanently attached 

to the modulator cubicle and terminates in a high voltage plug. 
This plug is mechanically interlocked with the disconnect 
switch so that it cannot be removed without first removing 

the modulator HV interlock key’ and opening the disconnect 
switch. 


Mechanical Design of the Modulator - Drawing D-8 


The dimensions of the cubicleare four by five by six feet high. 
The lower two and a half feet of the cubicle is an insulating 
liquid tank for the high voltage components. The upper three 
and a half feet is built in the style of standard relay racks 

and acoommadaies standard 19 inch panels. The meter panels, 
interlock lamp panels, pulser, focussing power supply, 

variac panels, and overload panel are built in the same 
manner as they would be for ordinary relay racks. The 

front panel contains an interlocked door for quick access 

to the spark gap for routine servicing. 


Installation or removal of a cubicle requires connection of 
two electrical plugs, i.e. the high voltage cable and the 
multiconductor cable, the microwave plumbing, the cooling 
water, and the spark gap air. 


The modulator cubicle is supported on rails mounted on a 
stand to facilitate handling from the transporting car. 
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The stand also protects the cubicle from water in case of 
an accident with the water cooling system. Under cubicle 
installation the water and air connections, filters, flow 
switches and flow indicators, and air adjustable support 
for the output waveguide are included. 


High Voltage Power Supplies 


Each 250 foot sector of the machine requires a 225 kw DC power 
supply to charge the pulse lines of the Klystron modulators. 
During Stage I the rectifier transformers would be connected 
delta-delta and the power supply would provide 9 kv @ 25 
amperes DC. During Stage II the transformer would be 
connected delta-wye and the power supply would provide 

15.5 kv @ 14.4 amperes DC. Stanford has selected the 
repetition rate and number of Klystron modulators to make 

the most efficient use of these power supplies in each 

stage of the program. 


The AC input to the power supply is from a three phase 480 
volt line. Each power supply contains its own disconnect 
switch, contactor and 15% buck-or-boost induction regulator. 
The inrush current is reduced by means of step-start 
resistors, but even so, the forty power supplies should be 
brought on the line in sequence. Each power supply is 
self-protecting and employs standard interlocks and time 
delays. The interlock chain lamps, instruments and remote 
control circuits are brought to terminal strips so that 
control and indication can be made available at the sector 
console. 


Master RF Drive and Trigger System (Drawing D-4) 


a. 


General Desc ription 


This system would be built in duplicate in order to reduce 
"outage" because failure of any of these components removes 
exitation to a significant fraction of the accelerator. Thermal 
variation of the phase velocity in the master RF and trigger 
lines can be kept to a minimum by using the TEM mode in 
coaxial lines with strofoam dielectric. The attenuation in 
this type of line is of the order of one db per hundred feet. 
Booster amplifiers will be required every 2500 feet in 

each of these lines. Transfer from one line to the other 

is accomplished by coax relays operated from the main 
control room. 
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The trigger pulse for each sector should be bridged off 

of the master trigger coax by means of a non-inductive 
isolating resistor. The value of this resistor will 

be different for each sector in order to compensate for 

the attenuation along the coaxial line. The trigger cable 
from each bridging junction of the master trigger coax 

to the sector pulser can be RG 8/U. Precise timing of 

the sector pulsers can be achieved by suitable choice of the 
length of this cable. 


Phase of the RF pulse is accomplished by adjustment 
of the phase shifter in the input guide of the sector 
RF booster amplifier. 


Master Oscillator 


The master oscillator consists of a temperature controlled 
crystal oscillator operating at a relatively low frequency -- 
11.73 mc., with five frequency triples producing 2850 mc. 
The final amplifier of the master oscillator chassis would 
be a 50 watt Klystron. The crystal oscillator and the 
frequency multipliers would operate CW in order to 
achieve a high degree of frequency stability. 


Master Pulser 


The master pulser is triggered by the 60 cps line. It 
produces a 15 kv. one microsecond pulse at a repetition 

rate of 360 pps for Stage I or 60 pps for Stage II. 

The jitter time of the pulse must be less that 0. 1 microsecond. 
It should have an auxiliary output, isolated from the main 
output, which can be used to drive experimental equipment 

in the counting area. 


RF Booster Amplifie rs 


The RF booster amplifier modulators are essentially the 
Same as the main modulators except that Varian VA87C 
tubes are used in the place of the Stanford Klystrons. 

Since the beam voltage is only 90 kv a lower ratio pulse 
transformer (7:1) and a higher impedance pulse line are 
required. The pulse length should be somewhat longer 

than that of the final amplifier to reduce the timing accuracy 
requirements. i 
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4. Sector RF Drive and Trigger System - Drawing D-4 


a 


General Desc ription 


The sector driver amplifier excites a terminated wave- 
guide from which the Klystron final amplifiers receive 
their input signal. The signal is extracted by means of 
four hole directional couplers which provide a high degree 
of discrimination against the phase error produced by any 
reflected wave in the drive guide. The coupling factor 

of the directional couplers vary with their pasition in arder 
to compensate for attenuation in the guide and thus provide 
the same amount of RF power (10 kw) for each final 
amplifier. This is further reduced to the proper drive 
level by adjustment of the attenuator in the input of each 
final amplifier. 


The sector pulser produces two output pulses -- one for 
driving all of the final amplifier pulsers of the sector and 
the other delayed about 100 microseconds for pulsing any 
Klystron cubicle between beam pulses for test purposes. 
The RF drive for the cubicle being tested would be 
obtained from a portable signal generator. 


In Stage I each sector uses only 12 Klystron final 
amplifiers; thus each drives two sections of the 
accelerator. The phase adjustment for the second 
sector is made by means of a "U" section of guide. "U'' 
sections of the proper length with shims of the proper 
thickness would be selected to give the desired phase 
shift. A phase shifter capable of operating at this power 
level has been developed at Stanford and could be used 
in place of the ''U"' section if desired. 


In Stage II eleven more Klystron cubicles are added to 
each sector so that each 10 ft. section of accelerator has 
its own Klystron final amplifier. The master pulser 
repetition rate is changed from 360 to 60 pps and the 
rectifier transformers of the high voltage power supplies 
are changed from delta-delta to delta-wye. The high 
voltage power requirements for Stage Il are, therefore, 
almost the same as Stage I. 
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Sector Pulser 


The sector pulser is much like the master pulser so far 

as pulse height, duration and rise and fall time are concerned. 
However, in addition to the main driving pulse, there is 

a delayed pulse required which can be used to test a 

Klystron cubicle by pulsing it out of step with the beam. 


Injection and Phase Adjustment 


a. 


Phase Adjusting Procedure 


With the sector isolated and the local inflector and deflecting 
magnet in use, the Klystron input phase shifters would be 
adjusted for maximum beam energy. The probes in the 
slotted lines would then be set and locked at their null 
positions. Subsequent phase adjustments would then be made 
without interrupting the main beam by observing the 
indicating meters at each cubicle. This would be done 

with adjacent cubicles driven by a portable RF signal 
generator. For a complete tuning adjacent cubicles would 
be compared, working both ways from the center to the ends 
of the sector. If at any time there was a question of the 
accuracy of the meters, the inflector-deflector system could 
be used. The beam could not be accelerated during this 
check because of the disturbance caused b} the deflecting 
magnet. 


Phase Meters - Drawing D-6 


The phase angle between theRF of adjacent accelerator 
sections can be measured by observing the locations of 

a null in a standing wave formed from samples of the two 
signals. The samples are obtained by means of directional 
couplers and the unused end of each coupler is terminated 
in the characteristic impedance of the guide in order to 
minimize reflections which would interfere with the 
measurement. The null could be located by means of a 
probe and a crystal in a slotted section of the guide. The 
accuracy of three electrical degrees requires that they be 
mechanically resetable to about 0. 030 inches. 


Electron Gun and Power Supplies 


The main electron gun at the starting end of the machine 

is identical to that now in use on the existing Stanford Linear 
Accelerators. Each 250 ft. sector, except the last, also 
has an identical gun for injecting a test beam into the 

next adjacent sector. 
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The power supply for the main electron gun and its spare 
would be mounted in adjacent racks for quick changeover 
in the event of a component failure. This power supply 


would use a pulse line for the anode supply and an emission 
current regulator for the filament. The latter insures that 
the filament is always operated at the minimum temperature 


necessary to produce the required emission current. 


The power supplies for the sector electron guns do not 
have to be so elaborate since they are essentially a 

test facility only used occasionally. The high voltage 
would be produced by a pulse transformer driven by a 
thyratron pulser -- much the same as the pulse booster 
amplifiers. The filament voltage would not be regulated 
but simply obtained from a filament transformer and 
variac. 


d. Sector Inflector - Drawing D-12 


This device consists of an electron gun identical to that 
at the starting end of the accelerator and an electrostatic 
deflector which is arranged to clear the main beam. 
Both the injector and inflector are pulsed together, the 
former at 80 KV and the latter at a lower voltage. The 
electric field required is small. No difficulty should 
occur with sparking. 


e. Sector Deflecting Magnet - Drawing D-12 


These are conventional direct current bending magnets 

requiring 12 KW of DC power. This would be supplied 

by a magnetic arnplifier regulated to 0.1%. The ripple 

in the magnetic field would be removed by eddy current 
shielding. The magnet is mounted on a truck to permit 
moving it away from the beam during normal operation 
so that its residual field-will not disturb the beam. 


Beam Switc hyard Magne ts 


This includes the 3 bending and 3 quadrupole magnets to 
produce the two left hand deflected beam.. We reviewed the 
design of these magnets and their estimated cost and our 
figures are in close agreement with those in the Proposal. 
Each magnet will be mounted on an adjustable support. The 
magnets will be installed through the tunnels from the end 
Station. The magnets for the right hand deflected beam are 
not included as they are not now considered a part of either 
Stage I or Stage IZ 
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7. Focussing, Degaussing and Stee ring System 


A focussing coil requiring not over 200 watts is assumed for 
each sector. 


Four. degaussing conductors of No. 10 wire in protecting 
conduits as shown on Drawing D-11]runm the length of the 
tube. They require approximately 4 KW total and would 
be expected to cancel 99% of the earth's field. 


A pair of steering magnets requiring not over 200 watts is 


provided at each sector with independent power supplies regulated 
to 0. O1%. 


8 Vacuum System 


The vacuum system layout and dimensions follow very closely 
those described in the Proposal. The only important changes 
are the addition of roughing pumps and an additional finishing 
manifold for the waveguide vacuum system. The roughing 
pumps have been sized to pump the manifolds down in the order 
of half am; hour which we feel is a reasonable time. The 
waveguide finishing manifold is provided to permit pumping a 


window section to a vacuum of the order of i074 mm before 


connecting it to the holding manifold ‘where the remaining 

gas would raise the pressure on all the windows of the sector. 
} This is based on the assumption that the best possible vacuum 

should be maintained between the windows at all times that the 

RF power is on to reduce the chance of window failure. 





a 8 


9 Controls and Instrumentation 


O0tt wes ae wae one 


The estimate included for controls and instrumentation is based 
upon the requirements as outlined in the Stanford Proposal with 
but few exceptions. The main control room would include 
about 4000 lights, 3500 controls and 300 meters and oscilloscopes. 


a Type of Control 


The capacitance between adjacent control wires, approximately 
1 Mfd per mile, dictates that direct current be used to 
eliminate cross talk between long distance circuits. 

The controls would be carried in pairs of twisted #22 wire 
similar to telephone communication cables. The preferred 
voltage is (-) 48 volts DC. 
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Control Multiplexing 


The average cost of one pair of #22 AWG long-distance 
control wire, plus a control relay will run about $90 per 
circuit not including the right-of-way. Therefore, it is 
essential to multiplex the use of the wires where this 

can be done reliably and where the cost of the multiplexing 
is less that $90. 00 per pair of wires saved. 


Typical type of multiplexed information included in the 
report is: 


Off, flashed light for warning, steady light 
to show normal operation. 


Forward or reversed polarity on the wire for 
two functions such as up and down control with 
diode and relay separation at the equipment 
end of the circuit. 


Forward or reversed polarity plus diodes and 
lights can be used for two light indications such 
as on the vacuum valve position indication. 


Special Monitoring 


It will be vitally important to display the accelerator 
operation as simply as possible to aid the operator to 

see the relative operation of the machine at a glance. 

A scanning scheme for this purpose has been included as 
shown on Drawing 200-19-D9. It allows the sector 
operator to check the sector under test and it also allows 
the main control room operator to see the total accelerator 
Operation on one oscilloscope and at the same time allowing 
for detailed observance of each sector if desired. A high- 
speed monitoring circuit covering the length of the machine 
is included that will allow the outputs of various non- 
destructive beam monitoring amplifiers from the sectors 
to be delayed and displayed in sequence on one sweep of 

an oscilloscope thus giving a good display of the beam 
pulse as it proceeds down the tube. 


Remote Instrument Scale Changing 


It is planned that all remote reading instruments such as 
Ion Gauges, and radiation gauges be self-balancing and 
Stable. No remote scale changing controls are provided, 
since it would add unnecessarily to the cost of the 
instrumentation. 
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e. Communication 


The area paging system will be divided so that individual 
areas such as the end station, injector, Klystron tunnel and 
accelerator tunnel may be paged without disturbing the 
rest of the areas. 


Eleven station sound powered phones with ringing circuits 
will be used to establish the private line communication 
system. Trunk lines would be set up to the various sectors 
from the master control room. 


4 Instruments in the M.C.R. 

1 Instrument at each Sector Control Room 
1 Instrument for every 2 modulators 
10 Instruments at beam station and injector. 


10. Tools and Test Equipment 


Electronic and electrical test instruments, vacuum gauges and 
leak detectors and mechanical alignment fixtures are included 
under this heading. Test stations for the Klystron cubicles 
and power RF testing are not covered here but are included 

in the accelerator prototype estimate. 


1] Accelerator Engineering Design, Construction, Supervision 
and Check-out 


Engineering and technical personnel required for design, super- 
vision of construction and adjustment and check-out of the 
accelerator equipment prior to the operation of the machine 
as a whole has been estimated. 


The largest groups comprise those working on the RF system 
and those on the vacuum system. The estimate of effort 
is as follows: 


Men Months 
Electrical and RF 794 
Mechanical and Vacuum 727 
Other 907 
} 2,426 


1 
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APPENDIX II 
INTRODUCTION 
Stanford Uriversity proposes to construct a two-mile linear electron 
accelerator at a site adjacent to the University Campus on Stanford~ 
owned land. The Stanford proposal is contained in a report prepared 
by the University staff titled "Prceposal for a Two Mile Linear Elec: 
tron Accelerator", dated April, 1957. 
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ee of Kaiser's work consists of developing the required 
ion, drawings, and encineering to provide estimates of cost 
> following elements: 


mic Energy Commission has retained William M. 
ates tc review tne Stanford Proposal and the esti- 
beck, in turn. has retained Kaiser Engineers as a 
view and to prepare cost estimates on certain 
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el Construction Estimates 
Surveys and borings 
Engineering design 


Drilling ~ Klystron tunnel, accelerator tunnel, cross drifts 
at 250-foot intervals, tubes at 9-foot intervals, elevator 
shafts, utility shafts, ventilation shafts, substation vaults 
Page Mill crossing fiil and earth shielding 

End station cut and fill 


U4 ov 


Concrete and steel work associated with the above. 
drainage 


oncrete shielding 


nel and End Station Estimates 


Air conditioning - ventilation, air cooling, dehumidifying, } 


Handling ecuipment + cranes in accelerator tunnel and cross 
drifts. cranes in work areas, Klystron cubicle handling, 
miscellaneous tunnel handling, cranes at end station, cranes 


at tunnel entrances, elevators 
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3. Lighting and plug-in power outlets 

4. Equipment foundations 

5. Sanitary facilities 

6. Fire safety system, alarms and extinguishing systems 
n 7. Ground water drainage 
Ff 8. Public address systems 


C. Site, Tunnel and End Station Utilities Estimates 


1. Electrical ac power - PG&E feeder line, main station, substa- 
tion. Including to local connect boxes at Klystron cubicle, 
elevators, cranes, utilities, pumps, blowers, lighting and 
power panels, etc., in tunnel and end station and through 

y | local building or utility substation for site. 


2. Standby emergency power where required - ventilation, research 
areas, cooling water 


3. DC power distribution between power supply and load 
4. Utility piping systems site, tunnel and end station 
a. Domestic water 
b. High pressure water and tanks 
c. Treated water 
‘ts d. Compressed air including compressors 
sel e. Gas including standby storage 


f. Cooling water and towers including manifolds to individual 
Klystron cubicles and 10-foot accelerator sections. 


D. Building Estimates 


All buildings -.office, research, end station, shaft covers, 
warehouses, Klystron factory, electroforming, machine shop, mis- 
cellaneous shops, electrical, plumbing, paint, carpentry, garages, 
etc. Including all normal building equipment and utilities, i.e., 
heating, ventilating, elevators, water, sanitary facilities, fire 
protection sprinklers, built-in benches, hoods and utilities but 
not technical or movable equipment such as research instruments, 
shop tools, electroforming equipment, furniture, etc. 
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E. Site Estimates 


All site work including but not limited to drainage, grading, 


paving, fences, landscaping. 


LIST OF DRAWINGS 


The following drawings have been prepared to assist in preparation of 
cost estimates and are included herein. 


Title Drawing No. 
End Area Arrangement Plan 101-C 
Plan and Profile 102-C 
Tunnel Plans and Sections 101-S 
End Station Details 102-S 
Tunnel Details 103-S 
Electrical Power Single Line Diagram 101-E 
Tunnel Wiring Scheme 102-E 
Power Layout Outside Tunnel 103-E 
Compressed Air and Water Flow Diagram 101-P 
Tunnel Piping Plan 102-P 
Tunnel Piping Details 103-P 


BASIS FOR DESIGN 


Designs are based on criteria stated in the Stanford Proposal, modified 
and supplemented where necessary by information obtained from Brobeck, 
from Stanford University, from serving utilities and from reports of 
the Utah Construction Co. and Bechtel Corporation which were used in 


preparation of the Stanford report. 
asterisk. 


Modifications are indicated by 
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A. Functional Requirements 


The accelerator is housed in a 10-foot diameter tunnel separated 
from an equipment tunnel by 35 ft of earth. The tunnels terminate 


in a beam switchyard followed by an end station structure in the 
target area. 


of The tunnels are divided into forty (40) 250-foot sectors. 


Location, elevation and cross section of the tunnels are as spec- 
ified in the Stanford Proposal. Alcoves are added as shown for 
electrical equipment.* 


B. Basic Utility Requirements 


7 


1. Klystron Cubicle - 23 per 250' sector 


10 amps 115v 1 phase 60 cycle ac - Klystron Auxiliaries 

10 amps 115v 1 phase 6 cycle ac - Klystron Heaters 

0.6 amps 14 kv (22 kw insulation) from hv bus 

2 kw 208v 3 phase for focusing magnet rectifiers from 
sector load center 

50 cfm compressed air supply and return - 5 psi drop 
through load, clean dry air - 10% makeup 

(5 gpm Stage I. 3.5 gpm Stage II) Demineralized water 
50 psi supply, 35 psi return. Supply temperature 
regulated between 70°F and 90°F. Protection against 
pressure above 60 psig, 10 kw heat input to water. 

1,500 watts heat loss to surrounding air 


2. Accelerator Tube - 23 sections per 250' sector 


Ten (10) gpm demineralized water. Supply regulated to 
2°r range at tube inlet. Supply temperature adjustable 
92°F to 110°F. A sector circulating pump, 7 1/2 hp and 
circulating piping is provided. Makeup and return are 
through Klystron water headers. 


di fied 3. 


: Sector Vacuum Pump - Every 250 feet 

beck, 

of Pump Exhaust - 100 cfm 

in 6 kw 6 cycle 230v ac power 

by 4 gpm demineralized water - 60°F to 80°F, 50 psi supply, 


35 psi return. 


4. Sector Roughing Pump - 15 hp 
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Sector Load Center - Every 250 feet 


Focusing coil supply - 6 kw 3 phase ac output 

Main de rectifier - 250 kw 3 phase kv ac input, 1 kv 
output, to hv bus 

Klystron heater power supply 25 kw 115v ac output 

Lighting outlets - 5 kw 

Inflector deflector system - 20 kw 

Control power 20 kw, 1 phase ac 

Test equipment 20 kw, 1 phase ac 

Power for monorail crane system 

Convenience outlets - 10 kw 

Klystron booster - 5 kw 


Injector Station 
25 kw, 1 phase 230v ac 
Beam Switchyard 


Miscellaneous loads - 50 kw 1 phase ac 

Magnet motor generators 
3 - 600 kw 600v dc output 
2 - 200 kw 250v dc output 
1 - 50 kw 250v de output 

225 gpm demineralized water 60 psi supply, 30 psi return, 
2,250 kw heat input, maximum temperature 10°F 

SO gpm demineralized water 60 psi supply, 35 psi return, 
SO kw input, maximum temperature 100°F 

Vacuum pumps 
30 kw 60 cycle 230v ac power 
20 gpm demineralized water, 60°F to 80°F, 50 psi supply, 
35 psi return 


End Station 


2500 kw miscellaneous experimental power 

400 gpm demineralized water, 60 psi supply, 30 psi return, 
2000 kw heat input, maximum temperature 10°F 

Power for four (l,) 100-ton cranes with 15-ton auxiliary 
hoists 

Vacuum pumps 
90 kw 60 cycle 230v ac power 
60 gpm demineralized water, 60°F to 80°F, 50 psi supply 

35 psi return 

10,000 kva de power supply to End Station 
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Cc. Tunnels 


1. 


~m 


Functional Requirements 


Tunnel sections and elevations are as shown in the Stanford 
Proposal. No investigation of alternate types of construc- 
tion, of location or of elevation has been made. 


Cross tunnels are located at 250-foot intervals between tunnels 
for access from the Klystron tunnel to the Accelerator tunnel. 
There are twenty-three (23) 8-inch diameter wave guide tubes 

on 9-foot centers per 250-foot sector. 


An access shaft is provided at station zero for construction 
purposes and for escape during operation. A permanent elevator 
is provided in this shaft. An air supply shaft is provided 

at station 5),+00 for operating use. 


Side vaults are provided for electrical gear along the tunnel. 


The above facilities are shown on attached Drawings 102-C and 
101-S. 


Geology 


The tunnels are located in the foothills of the Coast range 
on Stanford University land adjacent to the campus. An 
abandoned rock quarry exists to the west of the tunnel site. 
Six (6) exploratory borings were made in the general area by 
the Utah Construction Co. for other purposes. None of these 
borings was carried to tunnel depth. 


The geology of the area is determined from surface indications 
and from examination of the logs of these borings. 


A review was made of geolozical data used by the Utah Constmic- 
tion Co. and by Bechtel Corporation. Independent geological 
determinations were made by Kaiser Engineers staff geologists 
after examination of this data and of the site. 


The conclusions are as follows: 


General 
The tunnels can be constructed at the designated site. 


Underground Water 


Only minor amounts of subsurface water are indicated at a 
point = 3,000 ft from the northwest end at the fault contact 


» Hin 











aé-. 


avis 


; 


476 





STANFORD LINEAR ELECTRON ACCELERATOR 


of sandstone and basalt. No flooding is expected. Area 
expected to produce small, steady runs and heavy dripping 
until drained. 


Faulted Areas 


Two minor faults are indicated, at % 3,000 ft and = 8,900 ft 
from the northwest end. At *=3,000 ft the movement is a 
reverse dip-slip fault along the contact wherein the over- 
lying massive sandstone has ridden up dip on the basalt, 
with little shearing or fracturing of either. At = 8,900 ft 
the fault is expected to occur in the deep end of the open 
cut or close to the portal and to be accompanied by minor 
shearing and crumpling of the basalt and sandstone. Neither 
fault is expected to result in difficulty to routine tunnel 
or open cut driving. 


Detailed Tunnel 


Type 
Stations Linear Opening 
N.W. End = 0 Dist. or Work Material 
0 Shaft Sandy Shale & Massive Medium 
Hard Sandstone 
0 = 3,000! 3,000! Tunnel Massive Medium Hard, Poorly 
Cemented Sandstone 
O = 3,000! Tunnel Wet Fault Contact @ t 3,000! 
Easy drilling, poor breaking 
3,000' -3,750' 750' Tunnel Basalt & Volcanic Brecc 
Very hard drilling, cea breaking 
3,750'-8,050! 4, 300! Tunnel Minor Interbeds - Shale & Sandstone 
Major Massive Poorly Cemented 
Sandstone 
@ * 5,400! Shaft Major Massive Poorly Cemented 
Sandstone 
3, 750' -8,050' Tunnel Interbeds - Shale & Sandstone 
and Massive 
Poorly Cemented Sandstone 
Easy drilling, poor breaking 
8,050'-8,850' 800' Tunnel Basalt & Volcanic Breccia 
Very hard drilling, good breaking 
8 ,850'-9,1,50! 600: Open Cut 
& Fill Volcanic Breccia & Basalt 
9,450'-9,900! 450! Tunnel Volcanic Breccia 
Hard difficult drilling, good 
breaking 
9, 900-10 ,000' 100! Open Cut Volcania Breccia & Sandstone 
TOTALS 10,000! 
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3. Design 


Tunnel designs and estimates are based on the geological con- 
clusions indicated above. The following criteria are used 
for tunnel design: 


t Supported Length: 100% 
Tunnel Lining - 100% of tunnel as indicated 
on attached drawings. 


ft Estimates of cost are based on the anticipated progress and 
) costs for tunneling in each of the several formations encoun- 
wie tered. Tunnel construction is estimated between Station O and 


1 Station 88 with open cut construction anticipated from Station 
| 88 to Station 100. 


h. Utilities 
a. Drainage - Tunnel drainage is accomplished through gravity 
drains to vertical sump pumps on 1000-foot centers dis- 
charging outside of the tunnels. 
b. Ventilation - Tunnel ventilation is provided for a working 
tunnel population of 200 people. Criteria are as follows: 
(1) Outside air (summer) 90°F - db & 70°F - wb 
(2) Required atmosphere in tunnel 7h°F - db & 45% rh 
(60°F - wh) 
(3) 100 cfm/man @ 200 men 
‘ing (4) Minimum 1/3 air change/hour in tunnel 
(5) 50 fpm maximum and 25 fpm minimum air velocity in 
is tone tunnel 
(6) Fresh air introduced from central shaft must be dust- 
free and 7° dew point to pick up moisture in tunnel 
(7) Tunnel heat is removed by chilled water units along 
the tunnel ceiling. 
c. Design Data 
(1) Refrigeration Required: 65) tons (for 7,832,000 BTU/hr) 
(2) Chilled Water Requirements: 1,370 gpm to tunnel 
king 
d. Sanitary Facilities - Sanitary facilities to support 200 
men are located along the tunnel. 
e. Domestic Water - Domestic water is provided in the tunnel. 
f. Lighting - Approximately 5 foot-candles of lighting is 
provided. 
- Il-] 
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g- Fire Protection - Fire protection is provided by location 
of hand extinguishers located at 50-foot intervals along 
the Klystron tunnel. A truck mounted, battery operated 
fire truck is located outside of the tunnel for dispatch | 
to any point in case of emergency. "Askarel" or other 
nonflammable insulating liquid will be used for all liquid 
insulating requirements. 


h. Transportation and Material Handling - Transportation in 
the tunnel is provided by six (6) 30-foot battery operated 
rail cars. Cars and trailers are equipped to handle all 
routine maintenance in the tunnel and to transport and 
store maintenance materials. Crossovers between tracks 
are provided every 250 feet to permit passing during work 
periods. Booms are provided on the cars for ready removal 
and replacement of operating equipment. 


D. End Station Area 


The end station area and the beam switchyard are graded as shown 
on the attached Drawing 101-C. 


The beam switchyard is constructed in open cut and back-filled to 
provide 35 feet of cover for shielding. 


The following facilities are provided: 
1. Beam Switchyard 


The accelerator tunnel is continued to two separate tunnels 

for entry to separate target areas in the end station, with 

provision for two future extraction points as shown on Draw- 
ing 101-C. 


Magnet removal is through the end station building by flat 
car from tunnels to pickup with end station building cranes. 


Ze Structures 


Structures are designed in accordance with the Uniform Build- é 
ing Code, Pacific Coast Edition 1958. Maximum foundation 
pressure 3 Kips/sq ft. h 


The following structures are provided: 


Special i 
Structure Size Type Requirements 
a. End Station Main Bldg. 200,000 sq ft Steel frame, h-100/15t cranes , 
98 ft high corr. iron, Floor Load - 


ins. siding 2.5 Kips/sq ft 
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Structure 
b. End Station Aux. Bldg. 
Office 5,000 
Observation 8 ,000 
Storage 3,000 
Machine Shop 9,000 
Research Lab 
Physics 10,000 
Electronics 6,000 
c. General Services 
Shops 8 ,000 
Stores & Rec. 5,900 
jarage 1,000 
d. Klystron Factory 
Storage 2,500 
Shops 20 ,000 
Laboratory 7,500 
Office 3,000 
Accelerator 
Proto Type 
Lab 13,500 


e. Accelerator 
Storage & Shops 


f. Administration Bldg. 


Administration 16,000 
Engr. & Sciencel6,000 


g. Accelerator Control Rm. 


h. Pump Station and 
Demineralizer 


i. Compressor Building 


/S 

j. Ventilation Equip. Bldg. 
ines (at Station 5l+00) 
Pt 


II-9- 


Size 





41,000 sq ft 


14,000 sq ft 


46,500 sq ft 


46,000 sq ft 


32,000 sq ft 


5,000 sq ft 


1,000 sq ft 
2,800 sq ft 


1,000 sq ft 
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Special 
Type Requirements 
2 Stories 


Steel frame, 
corr. iron 
ins. siding 


Concrete 
block 


Concrete 
block 


Concrete 
block 


Concrete 
block 


Concrete 
block 


Concrete 
block 


Concrete 
block 


Concrete 
block 


Research Lab R.F. 
Rm. air-conditioned 
6.2 tons required 


Clean room. 
Air-conditioned 
1500 sq ft-.8tRefrig. 


Electroforming Shop 
Air-conditioned 
2,500 sq ft, 8.5 t 
air-conditioning 


2 Stories 


Pressurized 
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3. Parking and storage areas are provided in the end station area 
as follows: 


End Station Outside Storage 20,000 sq ft 
Corporation Yard 5,000 sq ft 
Klystron Factory Outside Storage 6,000 sq ft 
Accelerator Outside Storage 10,000 sq ft 
Main Parking Area 60,000 sq ft 
Nitrogen Storage and Handling 1,900 sq ft 


4. Additional facilities in the end station area are: 


2.4 kv Substation 4,600 sq ft 
Main Substation Area 14,400 sq ft 
Cooling Tower Cold Well for 

Compressor Cooling 100 sq ft 
MG Sets and de Switchgear 3,400 sq ft 
Cooling Tower, Hea. Exchangers and 

Hotwell 


5. Shielding 


Ordinary concrete shielding blocks for end station target 
areas are provided as shown on Drawing 102-S. 


Beam switchyard shielding is as shown on Drawing 101-C. 


Electrical Distribution 


The electrical distribution system is delineated on the following 
drawings: 


Power Distribution Single Line 101-E 
Diagram 

Tunnel Wiring Scheme 102-E 

Power Layout Outside Tunnel 103-E 


These drawings cannot be considered to be a final and definitive 
design. They represent a reasonable solution for scoping and 
estimating purposes. 


The system is described as follows: 


1. Main power supply is from a single 110 kv line from the PG&E 
Monte Vista substation.* 


2. The main substation includes 110kv disconnects ahead of the 
transformers, two transformers 15/20/25 mva 110 kv/13.8 kv, 
necessary 110 kv equipment, bus connection to indoor 13.8 kv, 
500 mva, and switchgear consisting of 18 breakers 1200 amps 
each. 
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The main substation feeds the tunnel by means of two 13.8 kv 
substation A and B, each taking care of 5 load centers com- 
prising 5,000 ft of tunnel. 


The entire system is laid out with double busses and double 
feeders, the latter capable of supplying 100% of the load of 
the sub unit. 


The load centers in the tunnel consist each of two 1,000 kva, 
13.8 kv/y80-277v transformers, main tie- and feeder-breakers, 
as shown on Drawing 101-E. 


All motors 300 hp and larger (with the exception of two remote 
400 hp motors) are connected to 2,l00v. There are two trans- 
formers 2,500 kva, 13.8/2. kv supplying these motors. 
Transformers are connected to a 5 kv switchgear which is tied 
to the emergency power supply system. The latter consists of 
two diesel-driven generators of 1,000 kva each. Outside of 
the tunnel is an additional emg substation of 200 kva for fire 
pumps, battery chargers, etc. 


There are two dc systems--one 600v and one 250v. 
There is a complete de control system as per Drawing 10-E. 


There are 12 motor control centers 80/277 volt with approx- 
imately 20 combination starters size 1 for a total of 200 hp 
and 2 mcc 480/277v with approximately 20 combination starters 
size 1 and 10 combination starters size 3 for a total of 

200 hp. 


There are approximately 50 lighting panels outside of the 
tunnel for a total of 1,500 kva lighting load. The lighting 
intensity is figured at 4 w/sq ft, corresponding to approx- 
imately 45 foot-candles. 


There is provision for an extensive grounding system. 
Communication, intercom, and alarm systems are provided. 


For supervision of the power system only an annunciation 
system of 3 x 32 drops with 2 horns is provided. 


The 480/277v supply to the Klystron auxiliaries in the tunnel 
is shown in detail on Drawings 101-E and 102-E. 


A separate item is the future supply of 10,000 kva to the end 
station for de power. This is shown dotted on Drawings 101-E 
and 103-E. Allowance is made for this supply and for conver- 
sion to de followed by distribution in the end house. 
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The load, compared with the original as given in the Stanford 
Proposal, is: 


Connected Load (kva) 
Assumed 


Stanford Simultaneous 
6/21/58 Proposal Load (kva) 
Tunnel 21,500 15,010 18, 600 


Beam Switchyard 3,650 2,800 2,000 


End Station 3,900 h, 300 3, 300 


End Station Future 10,000 - 10,000 
Prototype 2,250 2,250 2,250 
Administration, Shops, Etc. 3,170 2,810 3,170 
Outdoors = 500 

Air Conditioning on Top of Shaft 1,000 

Pumps and Cooling Fans 3,690 


Compressors and Refrigeration 4,120 


TOTAL 53,280 27,670 


Water Supply 


890 gpm of raw water is supplied from the Hetch Hetchy Line at 
Page Mill Road and Foothill at a pressure of 100 psig. This 
supply is apportioned to domestic, demineralized water system 
makeup and to cooling tower makeup as shown on Drawing 101-P. 


The domestic supply coes not require further treatment. Domestic 
water distribution is through cast iron mains in the end station 
area and steel pipe in the tunnel. 


The demineralized cooling water system cooling is accomplished 
in a shell and tube heat exchanger with system makeup through a 
245 gpm demineralizer. Rubber lined pipes and fittings are used 
for sizes 2" and above, plastic pipe and fittings under 2". 
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Compressed Air 


Fifty (50) cfm of compressed air is supplied to each group of 
three Klystron tubes through a closed system for compressing 
17,000 cfm with 10% makeup as shown on Drawing 101-P. All com- 
pressed air piping is steel. 


t 


Vacuum Pump Piping 
Vacuum pump cooling water and exhaust piping is mild steel. 
Fire Protection 


A fire protection loop and 150,000-gal storage tank will be pro- 
vided for end area and administrative area fire protection. Cast 
iron, steel or transite pipe is used. Facilities are shown on 
Drawing 101-C. 


Sprinklers are provided in: 


End Station (2-story building) 
General Services Building 
Klystron Factory 

Accelerator Storage and Shops 
Administration Building 


Natural Gas 

Natural gas distribution is shown on Drawing 101-C. 

Sewage 

Sanitary sewage is discharged to the City of Palo Alto system at 
Page Mill Road and Foothill. The sanitary sewage system is shown 
on Drawing 101-C. Sewage from the tunnel is pumped into this 
system 

Nitrogen 

Nitrogen storage and handling facilities are located outside the 
tunnel. Nitrogen is brought to service points in the tunnel on 


service cars as required. 


SITE INVESTIGATIONS 


Additional site investigation is required prior to detailed design. 
The following is recommended as the minimum requirement: 
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Tunnel Exploration 
Seven (7) NX core holes to tunnel invert are recommended along the 


tunnel axis line to check projected structure and physical character 
of rock. 


Foundation Investigation 


1. End Station Structure 


Four (4) borings to rock are recommended under the main end 
station structure. 


Ten (10) additional borings to rock are recommended in the 
end station and administrative areas. 


BASIS FOR ESTIMATE 


The attached estimate of cost is based on the designs and on the 
requirements described in this report and on the attached drawings. 


All costs are based on current prices for labor and material in the 
Palo Alto area. 


Escalation is shown as a line item following the estimate and is 

computed on the basis of an equal declining balance over the full 
construction period with construction estimated to start July l, 

1959. Annual escalation is estimated to be 5.6%. Contingency is 
taken at 15% of total estimated cost. 


An attempt is made to construct the estimate in the same form as the 


Stanford estimate for ready comparison. This has not been possible 

in all cases due to differences in maintaining cost records for con- 
struction labor and overhead. Unit costs as expressed in this estimate 
generally include those fringe and overhead costs normally included 

in contractor's cost data; the Stanford estimate separates many of 
these costs into administrative and overhead items. 
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APPENDIX III 
PROTOTYPE FACILITY 


The prototype facility estimated provides for development of the Klystron 
tubes and all critical components of the RF vacuum and control system and 
for life testing the Klystron tubes as described in Appendix IV. The 
facility is assumed to consist of the following three units: 


1. The Prototype Accelerator 160 feet long powered by a maximum 
of 13 Klystrons. 


2. Ten camponent test cells each capable of testing one Klystron 
with a ten foot section of accelerator tube. 


3. Ten Klystron life test stands. 


The length of the prototype accelerator is chosen to correspond to one- 
half section with the addition of one section for injection. It would be 
provided with vacuum pumps at one end sized to give the same pumping 
conditions that would exist on the main machine. The cubicle installation 
would be identical to that on the main machine with waveguides of the 
same lengths and geometry. DC power capacity equivalent to two of 

the main accelerator sectors would be provided to permit operation 

at maximum power with a high repetition rate. Inflection, deflection 
steering, degaussing and focussing equipment identical to the main.machime 
are provided for test and development purposes. The control problems 
of the Two-Mile machine would*%e simulated by coiled cables and delay 
lines to permit developing and checking the long lines required. The 
prototype would be very valuable to check the fulkscale design before 

the start of full-scale production. 


The prototype machine would be enclosed in a shield of removable con- 
crete blocks three feet on all sides except where it was penetrated by 
the waveguides where it would be six feet. The space inside the shield 
would have the width and clear height of the accelerator tunnel. 


The ten component test cells would be similar to the prototype machine 
in shielding and power capacity but would operate as individual units. 
Each could be used for testing a separate component if necessary. They 
would be provided with about double the power per Klystron available 

on the main machine when operated in Stage I. 


The ten tube test stands would be used for life testing Klystron tubes and 
would operate long hours at high power without changes. They would 

test improvements whih lee received preliminary testing in the compon- 
ent test cells and on which reliability data was to be obtained. For this 
purpose, they should be kept separate from the more experimental group 
of tubes powering the test cells. This tube life test facility is described 
further in Appendix IV. 


App. Hl- 1 
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APPENDIX IV 
SECTION A 


KLYSTRON PRODUCTION 
STANFORD ACCELERATOR PROPOSAL 


Introduction 


Power for acceleration of the electron beam is furnished by a 
large number of independent RF amplifiers, operating at a 
uniform frequency, 2856 MC/sec. The peak output power rating, 
currently 17 megawatts and expected to be 22 megawatts 
eventually, is considerably higher, by a factor of three to five, 
than can be obtained from any commercially available amplifier 
tubes. To meet this requirement, Stanford has designed a high 
power Klystron, the Mark I, which has been operated success - 
fully on the Mark II, Mark III, and Mark IV Accelerators for 
several years. This tube is, however, normally continuously 
pumped to avoid the serious limitation in life imposed by the 
rapid rate of failure of output windows which has been exper- 
ienced up to this time. 


It is proposed to develop a sealed-off Klystron similar to the 
Mark I in power capability for installation in the proposed 
Two-Mile Linear Accelerator. This study attempts to estimate 
the cost of tube development, the cost of manufacturing facilities 
to produce such a tube, the cost of the tube, and the portion 

of accelerator operating cost arising from tube replacements. 


Summary and Conclusions 


a. Existing data describes the operation of the Mark I 
Klystron and the output window only at the peak power 
level of 17 megawatts, a repetition rate of 60 cycles 
per second, and pulse length of 2 microseconds. No data 
exists on its operation under other values of these parameters. 
Under these conditions, the life of the window, independent 
of the life of the tube, is described by the function: 


se) os 0005234 t 


Where Pw -« proportion surviving 
e - 2.718 
t = operating time in hours 


The life of the tube, independent of the window, is described by 
a normal, or Gaussian, distribution, having a mean life 

of 1400 hours and a standard deviation of 500 hours. Tube 
life, thus described, is essentially cathode life. 
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The distribution of window life and tube life appear to be 
quite independent, and in a sealed-off tube, in whicha 
failure of either window or cathode terminates the life 
of the ‘tube, the probability of survival will be the product 
of the probabilities of window survival and of cathode 
survival. 





Data on the effect of variation in operating parameters of 
peak power, repetition rate, pulse length, temperature, 
and shelf storage time is needed in order to evaluate the 
probable performance and cost of operation of the proposed 
accelerator under any conditions other than the single set 
on which data presently exists. Such data can be secured 
only by the establishment of an independent Klystron 
development program, on a scale which is much larger 
than the present program. 


With a large margin of uncertainty imposed by lack of data 
on the Klystron tube which is to be developed for the pro- 

posed installation, the estimated Klystron investment cost 
factors in the proposal are as follows: - 


Stage I Stage Il Total 
Klystron Development Cost $1,300,000 $1, 300, 000 
Klystron Factory Cost 1,235,000 $ 135,000 1,370,000 
Klystron Production Cost 2,660,000 2,660,000 5,320,000 

















Total Investment $5,195,000 $2,795,000 $7,990, 000 


With the same uncertainty, the estimated annual operating cost 


including overhead arising from replacement of Klystrons, is 
as follows: 







Annual Cost, Stage I $2, 820, 000 
Annual Cost, Stage II $5,640, 000* 








A thorough investigation should be made of the possibility of 
securing all Klystrons for the proposed accelerator install- 


ers. ation and operation through commercial channels. 


(*) Assumes a tube life of 2,000 hours the same as Stage I. 
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3. Discussion 


a. 


Klystron Life 


The Mark I Klystrons used on the present Mark III 
Accelerator have accumulated sufficient statistical data to 
permit extrapolation to probable experience in the pro- 
posed Two-Mile Accelerator. Mark I tubes differ, however, 
from those proposed for this use in that they are continuously 
pumped, while the proposed tube is to be sealed-off. In order 
to estimate the probable experience with the sealed-off tube, 
it is necessary to calculate the probable frequency dis- 
tribution of failures, taking into account the two chief 
sources of failure, which are independent of each other. 
These two sources of failure are output windows and 
cathodes. Some failures do occur for other reasons but 

they are comparatively few in number. 


The Stanford experience with output windows from 1954 
through 1957 on the Mark IIT Accelerator at 17 MW peak 
power is given in Table IV-A-1 and as a histogram in 
Figure IV-A-1. The number of windows tested to failure 
is 90 (a sample size quite adequately large to determine 
probable life of this particular window, a high alumina 
disc metalized and brazed in a cylindrical copper shell) 

at the 17 MW peak power level. The life curve has been 
plotted on a semi-log scale chart, Figure IV-A-3. The 
distribution is an exponential decay function in which a 
constant percentage of failures is experienced in each equal 
time interval. For this particular window, 40% fail in 
each 1000 hours of operation. It is convenient to express 
the probable life of a component, which exhibits a constant 
probability of failure, in terms of half-life, in this instance 
1320 hours. The probability of survival is given by 


Pae 0005234 t) where t is in hours. 


An interesting feature of such a distribution in which the 
probability of survival is a constant is that the liklihood 

of survival is independent of previous history. Although 
large numbers fail in the first period of operation, this 
cannot be used as a sorting method since the same 
percentage of surviving windows will fail in the next equal 
period. This relationship holds quite exactly in the sample 
of 90 until less than 10% of the original sample remains, at 
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which point the remaining sample becomes too small to 
give significant results. With this in mind it becomes 

evident that a used window, regardless of its length of 

service, still has the same probability of survival as 

a new window. 


The experience with Klystron life, not including window 
failure, is given in Table IV-A-2, and as a histogram 

in Figure IV-A-2. The cumulative distribution is plotted 
on a Probability Chart, Figure IV-A-4. This distribution 
is approximately normal, with a mean life of 1400 hours 
and a standard deviation of 500 hours. In a sealed-off 
Klystron where failure may occur by either cathode or 
window failure independently, the probability of survival 
is the product of probabilities of survival under each of 
the two limiting factors. These probabilities are 
calculated in Table IV-A-3. The distribution is neither 
exponential or normal but approximately flat the first 

1600 hours, Figure IV-A-4. The early losses are caused 
mainly by window failures, the later losses by cathode 
failures. The mean life is 1010 hours, The probable 
experience with a large number of tubes, such as the 

480 or 920 proposed installation, can be closely estimated 
from the mean life. 


At the present state of development with sealed-off Klystrons 
operating continuously at a peak power level of 17 megawatts, 
and 90% innage, tube failures would occur at the rate of 
almost exactly 10 per day, at the Stage I level, 480 

Klystrons installed, or49 per day at the Stage II level, 

920 Klystrons installed. 


The proposal states that initial operation will be at a power 
level of 6 megawatts and power will be increased as tube 
life permits, maintaining an acceptable level of tube 
replacement costs. It may be observed that the entire 
body of information which we have available on the life 

of Klystrons on the Mark III Accelerator can be given by 
three numbers which have been constants over a period of 
the last two years. These numbers are K - . 005234 in the 


expression rs : eo which describes the proportion of 
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life, 1400 hours, and standard deviation, 500 hours, which 
describes the Gaussian distribution of cathode life. There 
is no data bearing on the variation of these numbers with 

the parameters of peak power level, repetition rate, pulse 


length, temperature or shelf storage time 


It appears to be a reasonable assumption that the lower 
power will increase life, perhaps radically, but we are 
completely unable to evaluate this assumption. We are 
also unable to evaluate the assumption that a Klystron 

having a mean life of 2000 hours, at a peak power of 22 


megawatts, can be developed. There is no evidence that 


this assumption is untrue, but neither is it supported 


by any evidence acquired by operation of Mark I Klystrons 


up to this time. 


A total of thirteen sealed-off Klystrons of the Mark I type 
have been produced to date. Of these thirteen, five failed 


with short lives for various reasons not connected with 
either output windows, or cathodes. Of the remaining 
eight, one is still in service, five failed due to output 

window punctures, and two due to cathode failure. All 


window failures occurred at lifetimes of around 100 hours. 


One cathode failure occurred at 348 hours, the other at 


#0 hours. The sample is too small and process control 
too imperfect as yet to allow any conclusions to be drawn. 
The results are not, however, inconsistent with what might 
be expected from our computed probable life distribution. 


Although objective evidence to support the assumed Kly 


stron 


life is absent, we accept the assumptions of the proposal 
as the basis for establishing scale of Klystron production 


since they would seem to be a reasonable extrapolation 
of existing experience for both S and L bands. This 
production capability is as follows: 


Stage I 
Total Klystrons required per month l 
New Tubes to be produce” 10 
Major Rebuilding 30 
Minor Repairs 135 


It would appear to be highly desirable to reduce the unc 
connected with this phase of the proposal by increasing 


ertainty 


radically, and promptly, the scale of Klystron development 


work if the Two-Mile Proposal is accepted. 


App. IV - 5 
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Klystron Development Cost 


It is extremely difficult to estimate the probable cost of 
development since the course of such development is not 

at all clear at this time. Three such estimates are 
available for comparison. The Stanford Proposal estimates 
direct engineering effort at 73,008 hours, or approximately 
$310,000. If the supporting staff, purchases and overhead 
are allocated, pro rata, this becomes $1,630,00. One 
commercial producer has given a rough estimate of 
$600,000, and another "around $500,000". It is our 

feeling that these are low, for the reason that they do 

not appear to cover adequately the requirement for 
statistically significant proof of tube life in a sufficiently 
short time interval to keep tube development abreast of 
project requirements. They are also based on the assumption 
that tube development would be carried out for other purposes 
which reduced their estimates Also, operation of present 
accelerators or proposed prototype accelerators does not 
accumulate tube hours at a high enough rate to meet this 
requirement. Furthermore, the primary purpose of this 
operation has been, and probably will continue to be, to 
maintain accelerator operation rather than to test tubes. 
Such tube information as has been developed has been 
essentially a by-product of accelerator operation. It should 
be noted that Mark I Klystron performance has remained 
substantially the same over the past two years. 


In order to free tube development from such dependence it 
should be established as a parallel and coordinated, but 
independent program. Life data should be accumulated 

on a continuously operated test stand, keeping ten tubes 

in the test stand. Such a stand will run up 7,000 tube hours 
per month. Since at least 20,000 tube hours will be 
required to give a reasonably reliable indication of per- 
formance at the desired level (10 tubes x 2000 hours) a 
three months period will be required to give sucha 
demonstration. If the development goes through ten 

cycles of tube design, a total of 100 tubes would be 
constructed and tested to failure. The time for such 

testing would be approximately 24 months, assuming an 
original 1000 hours and final 2000 hours life. The minimum 
time required to organize, build and staff such a development 
facility would probably be on the order of 18 months. 
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The total cost might be expected to be of this 


magnitude: 
5 Development Engineers 3-1/2 yrs. @ $8,000 $ 140,000 
10 Technicians 3-1/2 yrs. @ $6,000 210, 000 
Overhead at 40% 140, 000 
Test Stand 500, 000 
100 Tubes @ $5,000 500, 000 
Program Power and Maintenance 60, 000 
Total Cost $1,550, 000 


This is in good agreement with the Stanford figure of $1,630, 000 
when one considers it must include about $90, 000 for the factory 
engineering and amounts for other tube development such as 
fundamental studies of windows and cathode material. 


In view of the present uncertainty in both output energy level and 
cost of operation of the proposed Two-Mile Accelerator 
imposed by lack of definite information about Klystron per- 
formance, it appears that an expenditure of this order is 

well justified. It may also be cited that such a tube has other 
possible applications in radar use, and some support for 

its development is now derived from this interest. It is, of 
course, possible that commercial producers might undertake 
such a development program and absorb part or all of the cost, 
in view of the manufacturing potential. Such a possibility 

is worth investigation. 


Klystron Factory Investment Cost Estimate 


The scale of operations required to supply Klystrons at the 
production rates given in 3-a. has been checked by personal 
inspection of present processes, facilities and data at the 
Stanford Tube Shop, and independently by visits to two major 
manufacturers of high power Klystrons; Varian Associates 
and Litton Industries. Both of these organizations were 
informed as to the characteristics of the proposed Stanford 
Accelerator Klystron and had given consideration to the 
possibilities of its commercial production. Neither, however, 
was prepared to present a firm estimate of either facilities 

or production costs. Asa result of these investigations, we 
believe that the scale of operations given in the Stanford 
Proposal is reasonable and in accordance with good commercial 
practice. While minor changes could be suggested, the 
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uncertainty imposed by the fact that the proposed tube has 
not yet been designed is so much greater that there appears 
to be no point in considering such possible minor changes. 
The detailed review of the Stanford estimate work sheets 
reveal no reason for making changes in their numbers. We 
further determined that no substantial changes in procedures 
have been made since the proposal was prepared so that the 
considerations on which the original work sheets were based 
are still valid. 


Having verified the scope of physical plant, the cost elements 
entering into the estimate were reviewed. The factory may be 
divided into three separate functional divisions, represented 
by the first three items in Schedule B-1, Page 50 of the 
Stanford Proposal. These are: 


Factory Services - parts fabrication, inspection, storage, 
equipment maintenance, plating and cleaning, offices. 


Tube assembly. 
Tube processing and testing. 


Equipment for Factory Services and Tube Assembly is very 
largely an assemblage of standard commercially available units, 
such as machine tools, benches, furnaces, induction heating 
units, etc. These were readily estimated by reference to 
commercial price lists. Equipment for Tube Processing and 
Testing is specialized for the manufacture of a particular 

tube, and is in all cases, including that of the commercial 
plants visited, fabricated as an element of facilities construction 
cost. Cost records were available at Stanford to cover the 
fabrication of equipment currently used in processing Mark I 
Klystrons. These records provide the basis for checking costs 


of processing equipment. Our estimate of costs for this equipment 
follows: 


Factory Services 


Machine Shop (20 men) $360, 000 
Inspection 15,000 
Storage and Materials Handling 5,000 
Equipment Maintenance 15,000 
Plating and Cleaning 35,000 
Offices 5,000 
Misc. Special Shops, Glass, 

Ceramics, etc. 15,000 

Total $450, 000 
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Tube Assembly $ 175,000 | 
Tube Processing 610, 000 
' 

Total Equipment $1,235,000 | 

( 


The air conditioning cost is considered a part of building costs 
rather than equipment. The shop and storage space requirement, 
given in the Stanford Proposal, Table IV - C-1, as 30,000 square 
feet, 18 a reasonable allocation, falling in between estimates 
checked by observations of commercial practice in the two 

plants visited. Approximately 28,500 square feet of space 
requires good ventilation with washed air. The remaining 

1500 square feet in the assembly area requires air conditioning 
with only moderately close control of temperature and humidity, 
but with very well filtered clean air supply. 


le i i i ee 


The above factory will provide sufficient capacity to produce the 
original complement of 630 Klystrons on a one shift basis, with 
capacity for maintenance of Stage I operation on a one 

shift basis. Stage II Accelerator operation will require two 
shift operation of the Klystron factory. For the expanded 


, a le ae) 


output necessary for Stage II operation, an additional installation I 
of tube processing equipment will be required. (See Stanford : 
Schedule F, B, Page 58.) k 
i 
Additional Processing Equipment $135, 000 t 
t 
This estimate is in very close agreement with the Stanford i 
Proposal estimate, which we feel was carefully and adequately : 
prepared. f 
C 
d. Klystron Production Cost c 
In the production of a Mark I Klystron amplifier tube, some 65 A 
individual parts are assembled into a structure which weighs t 
approximately 100 lbs. This structure may be regarded as e 
being composed of essentially three groups of items; first, the t! 
main body, an all-metal sub-assembly comprising cavities, 0 
drift tube, and collector, second, the cathode sub-assembly t! 
comprising cathode, heater, shields, base insulator, and 0 
filament seals, and third, the external hardware such as e 
cavity micrometers, cooling jackets and corona shields. 
The first group is assembled in a jig and parts joined by : T 


furnace brazing. The second group is assembled partially by 
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mechanical joints, partially by glass seal fusions and partially 
by brazing and welding. It is finally brazed to the main body 
assembly. The external hardware is mechanically attached 

to the main body and cathode assemblies. The process of 
parts production and assembly is well-defined and practice 
does not vary greatly between the three shops investigated. 


Tube processing consists of evacuation, baking, formation of 
oxide cathode surface and finally, application of working 
voltages so that the tube is subjected to the maximum 
conditions of temperature, voltage, and current, during 
processing, that it will encounter in later operation. As 

the last step in processirg, the proposed tube, having been 
tested to full operating loads while under continuous pumping, 
will be sealed off. 


Somewhat greater variation in practice regarding tube processing 
was noted in comparing various shops. This, however, consisted 
largely in shifts of emphasis on the importance attached to the 
various operations so that the overall cost of processing probably 
does not show great variation. 


It is not possible to make a detailed cost estimate of the 

sealed-off Klystron because it has not yet been designed. However, 
knowing its required characteristics, it is possible to estimate 

its cost by extrapolation of known costs of somewhat similar 

tubes, such as 2 and 5 megawatt commercial Klystrons, and 

the continuously pumped Mark I Klystron. Estimates made 

in this way, by several independent authorities, are in rather 
remarkably good agreement, under the circumstances, ranging 
from $3,000 to $5,000. Our considered opinion is that a cost 


of $4,000 per Klystron represents a good estimate of new tube 
cost. 


As installed and operative, the Klystron includes, in addition 
to the tube itself, the focus coils and a lead shield to prevent 
excessive radiation of X-rays. The focus coils consist of 
three DC magnet coils, on separate spools, which are slipped 
over the tube body and secured in place. Weight of copper in 
the windings is approximately 35 lbs. per tube. Our estimate 
of the cost of these coils, in quantities of 500, is $200 for 
each set. 


The lead shields weigh 187 lbs. each, and are simple 
cylindrical shapes. Our estimate of their cost is $80.00 each. 
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Estimated total cost for the initial installation, Stage I. 


630 Klystrons @ $4, 000 $2,520,000 
500 Sets Focus Coils @ $200 100, 000 
500 Sets Lead Shields @ $80 40,000 


$2, 660,000 


Klystron Factory Operating Policies 


As mentioned in Appendix IV-B, of the Stanford Proposal, 
several alternative methods of operation of the Klystron Factory 
can be considered. These include operation by Stanford as 

a part of the Accelerator Project or by a commerical organi- 
zation. Both of these imply that the capital investment in 

such a »lant would be a part of the project cost. Our discus- 
sions with commerical Klystron producers, however, dis- 
closed the possible existence of a third alternative; purchase 

of Klystrons as a standard commercial product. One manu- 
facturer has indicated an interest in producing such a Klystron 
in wholly owned facilities. We believe that this possibibility 

is worth investigation since it would reduce project capital 
investment by over one million dollars, though possibly at 

the expense of some moderate increase in operating cost, at 
present unknown, since no firm estimate of commercial cost 
has been made. For comparison purposes, however, the Stan- 
ford estimate of new tube cost after applying an overhead al- 
location of 39.4% on staff salaries is $3,850 each. Commercial 
prices, in one case the result of rough calculation and in others 
a ''guesstimate'' extrapolated from experience in producing a 
somewhat similar tube, range from $3,500 each to "around 
$5,000'' each for quantities over 1000. In view of the develop- 
ment status of the tubes, we regard these as representing re- 
markably close agreement. 


It will be necessary to weigh the desirability of reliance on 

a commercially available Klystron for accelerator use against 
the undesirable inflexibility resulting from such a policy. While 
the scale of production for accelerator use alone is substantial, 
it is hardly large enough to allow division between two or more 
suppliers. In addition, the major part of the work in the oper- 
ating phase will be in tube repairs. The program will thus be 
forced to rely on a single producer without close control ofhis 
activities. Such reliance for such an essential item, is obviously 
undesirable. 


Annual Cost of Supplying Klystrons to the Accelerator 


The estimated required numbers of tube replacements which we 
have used is that of the Stanford Proposal; 175 per month. 


TTT 
—— ee ee el a 
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This is broken down into new tubes, major rebuilding and 
minor repair. We have used the previously quoted price 

for new tubes and the data in the Stanford work sheets for 
repairs. Stanford made a very detailed estimate which 

they compared to an estimate made by Varian. The Varian 
estimate was $1,450 for minor repairs and from $1,450 to 
$4,500 for major repairs. A check of the Stanford data 
indicated that they could probably do. it for the stated amounts 
as they have no plant or development write-off in their figures, 
since these are provided separately. 


The total of $2, 820,000 differs from the Stanford total shown 
on their operating costs schedule for two reasons. It contains 
the 40% Overhead proration and Stanford applied a 25% cost 
reduction factor. This appears opti mistic to us. 


Stage I Per Month Per Year Est. Cost Total 
New Tubes 10 120 $4,000 $ 480,000 
Major Rebuilding 30 360 2,000 720, 000 
Minor Repairs 135 1620 1,000 1,620, 000 

Total $2, 820, 000 

Stage II $5,640, 000 


These costs are based on the assumption of the development of 

a tube having a mean life of 2000 hours, at the desired maximum 
power level, or the acceptance of a lower power level which will 
give this life. In the worst case which seems possible, a tube 
no better that the present Mark I Klystron operating at the 17 MW 
power level for which experience is available, the above costs 
would be almost exactly doubled, since under these conditions 
tube life would be approximately 1000 hours. 
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TABLE IV-A-1 


FREQUENCY DISTRIBUTION, WINDOW LIFE 
90 STANFORD MARK I KLYSTRON WINDOWS 


1954 - 1957 incl. 


Failed 

Number Number Per cent 

Life-Hours Incremental Cumulative Cumulative 
O0- 200 13 13 14 
201- 400 7 20 ae 
401- 600 5 25 28 
601- 800 5 30 33 
80l- 1000 6 36 40 
1001- 1200 5 41 45 
1201-*1400 3 44 49 
1401- 1600 3 47 52 
1601- 1800 5 52 58 
1801- 2000 4 56 62 
2001- 2200 3 59 66 
2201- 2400 + 63 70 
2401- 2600 3 66 73 
2601- 2800 3 69 77 
2801- 3000 ] 70 78 
3001- 3200 3 73 81 
3201- 3400 3 76 84 
3401- 3600 l 77 86 
3601- 3800 l 78 87 
3801- 4000 ] 79 88 
4001- 4200 0 79 88 
4201- 4400 2 81 90 
4401- 4600 2 83 92 
4601- 4800 l 84 94 
4801- 5000 0 84 94 
5001- 6000 l 85 95 
6001- 7000 2 87 97 
7001- 8000 2 89 99 
8001- 9000 0 89 99 
9001-10000 ] 90 100 


* Half Life 1320 Hours. 





Surviving 


Per cent 
Cumulative 


86 
78 
72 
67 
60 
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TABLE IV-A-2 


FREQUENCY DISTRIBUTION, TUBE LIFE 
= 86 STANFORD MARK I KLYSTRONS, CONT. PUMPED 


‘ 1956 & 1957 

6 

a Failed Surviving 

Number Number Per cent Per cent 
Life-Hours Incremental Cumulative Cumulative Cumulative 
0- 200 l 1 La 99 

201- 400 2 3 3.5 96 
401- 600 5 8 9.2 91 
601- 800 5 13 15 85 
801-1000 7 20 23 77 
1001-1200 10 30 35 65 
1201-1400 15 45 52 48 
1401-1600 10 55 64 36 
1601-1800 11 66 77 43 
1801-2000 6 te 84 16 
2001-2200 9 81 94 6 
2201-2400 2 83 97 3 
2401-2600 ] 84 98 2 
2601-2800 ] 85 99 ] 
2801-3000 l 86 100 0 


Mean Life - 1400 Hours. 


Std. Deviation - 500 Hours. 
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TABLE IV-A-3 


CALCULATED PROBABILITY OF SURVIVAL, AND 


INCREMENTAL FAILURES, USING SMOOTHED DATA 
ON STANFORD EXPERIENCE, WINDOWS AND TUBES 
Probability Probability Probability of Probable 
of Window of Cathode Tube Survival Failure 
Time-Hours Survival P Survival P rr =e OP | 
ntti w“ibidwme~wt ui” eile.  <sieesiae 
0- 200 .900 -995 .895 .105 
201- 400 ii -986 .800 .095 
401- 600 .730 .964 .704 .096 
601- 800 .658 -919 .605 -099 
801-1000 .592 841 . 498 -107 
1001-1200 .534 s fee . 388 .110 
1201-14Q0 481 .579 .278 -110 
1401-1600 .433 -421 ~ 182 .096 
1601-1800 . 390 sate -106 .076 
1801-2000 351 -159 .056 .050 
2001-2200 «216 .081 .026 .030 
2201-2400 .285 .036 -010 .016 
2401-2600 .256 .014 .003 .007 
2601-2800 et .005 .001 .002 
2801-3000 .208 .001 -0002 .0008 


P calculated from P_ = ¢7°9095454t 
= WwW 


Pp from table of probability, normal distribution, mean, 1400 
hours; std. deviation, 500 hours. 
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Figure W-A~-i 
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+— FIGURE Iv-A-3 — 
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FIGURE IW-A-5 
HISTOGRAM, CALCULATED PROBABLE 
DISTRIBUTION OF LIFE IN 100 
SEALED-OFF KLYSTRONS, MKI 
TYPE, OPERATED AT I7 Mw. 
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TUBE LIFE FROM 


STANFORD EXPERIENCE 
DATA FROM TABLE IY-A-3 


HOURS OPERATION 





i 


CALCULATED PROBABILITY OF SuryivAL 
SEALED- OFF KLYSTRONS MARKI TYPE 
OPERATED AT 17 MW. | 
DATA FROM TABLE W-a-3 


80 70 60 50 40 30 20 
PERCENT SURVIVING (PROPABILITY SCALE) 


Kiny te 











504 





STANFORD LINEAR ELECTRON ACCELERATOR } 


APPENDIX V 
ACCELERATOR TUBE PRODUCTION 


Introduction 


The accelerator tube is in essence a two mile length of copper pipe, 
approximately 4 inches in outside diameter, having walls 3/8 inches 
thick and containing internal copper discs having a central hole 7/8 
inches in diameter and spaced one inch apart. The electrical char- 
acteristics of this pipe are extremely critical for maximum energy 
transfer from the RF power input to the electron beam. Several 

of the mechanical tolerances are of the order of + .0002 inches. ; 
The tube is made in sections, each ten feet long, about 1000 of which 
are joined together to give the total length required. Tubes have 
been made by a number of different processes and it is established 
that the process described here is superior to any other now known. 


Stanford has been unable to locate any commercial source capable 

of producing accelerator tube sections meeting the required speci- 
fications. The Proposal considers the establishment of manufactur- 

ing facilities for the production of the accelerator tube as a neces- } 
sary part of the project. This study attempts to estimate the cost 

of manufacturing facilities for this production, and the cost of pro- 
duction. Since the tubes are expected to be serviceable for an in- 
definite period, no contribution to accelerator operation cost has 

been included for their replacement. 


Summary & Conclusions 


a. The proposed electroforming process appears to be feasible 
and currently well developed. No experimental facilities exist 
now for electroforming full length sections in one piece. Such 
facilities should be provided as soon as possible in order to 
supply the necessary data for complete design of the manufac- 
turing plant, as well as to continue investigations of some pos- 
sible modifications of accelerator tube configurations. 


b. The estimated investment cost for a plant capable of providing 
the required 1000 tube sections in approximately 30 months is 
as follows: } 


Electroforming Equipment $ 397,000 
Machine Shop Equipment 250,000 
RF Test Equipment 37,200 

$ 684,200 


c. The cost of producing 1000 ten foot sections of accelerator tube 
is estimated to be as follows: 


Materials $ 401,750 
Labor 1,910,830 
$2, 312, 580 
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yi Manufacturing Process 


The accelerator tube consists of an electroformed section of disc 
loaded waveguide with input coupler and with flanges on the ends 

of the tube and the input branch. The supports, expansion joints 

and water jacket are estimated elsewhere. 


The proposed process for manufacture of accelerator pipe sections 
has undergone considerable revision as a result of developments in 

the Stanford Laboratories since the preparation of their Proposal. 

The specifications for accelerator pipe sections remain however, . 

as given in Section II., A. 3. of the Stanford Proposal and in greater 
detail in ML Report No. 258, Chodorow, et al., as published in 
"Review of Scientific Instruments,'' February1955. These speci- 
fications in brief are as follows: 


Section Length 10 feet, feed point to feed point 
Guide ID 3.2470 + .0002 
Disc Hole ID -8225 + .0002 
Disc Thickness -2300 + .0002 
. Disc Spacing 1.0335 + .001 


It is proposed to form this tube by electroforming copper over an 
assembly of copper discs and aluminum spacers to an outside wall 
thickness of 3/8 inches. The aluminum spacers are then etched 
away by sodium hydroxide solution, leaving cavities whose dimen- 
sional accuracy has been determined by the accuracy with which the 
aluminum spacers were machined. The close dimensional tolerances 
required are thus all maintained by the observation of such toler- 
ances in the machining of the copper discs and aluminum spacers. 
The process has been demonstrated with entirely satisfactory re- 
sults and the accelerator sections so produced are understood to 

be superior in electrical properties to any so far made by other 
methods. 


At the time the Stanford Proposal was prepared it was intended that 
this process be used and the estimates were based on its use. At 

that tume it was expected that the aluminum spacers, of which 120,000 
are needed, would be machined from solid bar stock. It has since 
been found that forged aluminum spacers can be used, eliminating 
most of the material wastage and all but finish machining. The sav- 
ings from this change are large since labor costs and capital invest- 
ment in machine shop facilities are all drastically reduced. It seems 
probable that a further cost reguction can be made by purchasing 
punched copper washers rather than copper strip for disc manufacture. 
The possible savings from this development are, however, consid- 
erably less than those obtained by using aluminum forgings. 
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Further development of the electroforming process appears likely 
to reduce the plating time, currently four weeks per section, to 
perhaps as little as half this. No cost savings will result, however, 
since the increased size and unit cost of equipment approximately 
balances the decrease in number of units required. Labor cost will 
not be affected by such a change. 


A major saving over the original estimate will also be effected by 

the design change in accelerator sections which has eliminated the 
separate RF coupler section. This is now made integrally with the 
accelerator tube, and almost the entire cost previously estimated 
disappears. These changes, which have all been satisfactorily proven 
to be feasible, are the chief reason for the large decrease in our 
estimate as compared to that of the Proposal. 


4. Manufacturing Facilities 
a. Electroforming Facilities: 


Cleaning Equipment - l unit $ 50,000 
Plating Equipment - 15 


units @ $20,000 300,000 ‘i 
Etching Equipment - 4 I 
units @ $5,000 20,000 
Materials Handling Equipment 5,000 
Office and Misc. 2,000 
Equipment Installation 20,000 
$ 397, 000* 


The space required is approximately 10,000 sq. ft. The 

floors should be acid resistant and very adequately drained. ' 
The space should be well ventilated. Air exhaust at tanks 

will require movement of 80,000 CFM. A large part of 

this may be introduced at tank top to reduce the cold weather 

room heating load. 


The production capacity of this plant will be 30 ten foot tubes 
per month, or 1000 sections in slightly under three years. 


b. Machine Shop Equipment: 


Drill Presses 15" 2 @ $ 1,000 $ 2,000 
Annealing Oven 2 @ $ 1,000 2,000 
General Purpose 10" 

Tool Room Lathe 3 @ $ 3,000 9,000 


* Compares to $364, 450 in the Stanford estimate. 
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Comparator Guage 1@$ 4,000 $ 4,000 
Broaching Tools & 

Press 5@ $ 100 500 
Turret Lathe 10"' 3 @ $ 5,000 15,000 
E E Monarch Lathe’ 8 @ $10,000 80,000 
Index #55 Mill 2 @ $ 3,500 7,000 
Shaper 1 @ $ 6,500 6,500 
Lathe 16' Bed 2 @ $18,000 36,000 
Do-all Saw 2 @ $ 4,000 8,000 

Total Machine Tools $ 170,000 
Small Tool Accessories 30,000 
Installation of Machine Tools 50,000 


Total Machine Shop Equipment $ 250,000* 


The space requirement for the machine shop is approximately 
10,000 sq. ft., 2500 sq. ft. of which is to be internally parti- 
tioned and air conditioned for ¢lose temperature control 
necessitated by high precigion machine work. Conditions in 
this area are to be 68 +1 °, and 40% RH + 5%. Internal heat 
load will be approximately 15 KW and 12 people continuously. 
The remainder of the shop requires normal comfort heating 
and ventilation. 


c. RF Test Equipment: 


Equipment for testing electrical properties 
of accelerator tube sections - 1 set @ $37,200 


Space for this equipment has been provided as a part of the 
2500 sq. ft. of air conditioned space listed under (b.) above. 


d. Total Cost: 


Electroforming Facilities $ 397,000 
Machine Shop Equipment 250, 000 
RF Test Equipment 37,200 


Total Accelerator Fabrication Equip. $684, 200** 


The difference in this figure as compared to that given in the 
Proposal, Schedule B-1. B. of 955,349, is due entirely to 
reduction inmachine shop requirements because of developments 
in production techniques. 


» * Compares to $424, 600 in the Stanford estimate. 
** Compares to $955, 349 in the Stanford estimate. 
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APPENDIX VI 


EQUIPMENT ANALYSIS 


Summary 
' 
a. The following major groupings of equipment are included in the 
Cenpees Saree Section II Section III 
Descripiion wT BOOS “5 BBS 
Klystron Factory Ss i,370 S 1.23 ; 
Accelerator Tube 684 684 
Construction Tools and 680 --- 
Test Instruments 
All Other 1,912 2,592 
Sub-total $ 4,646 $ 4,511 
Hauling & Handling 70* 1, 146 [ 
Furniture & Office Equipment 470 470 
Major Research Equipment 2,198** 4,098 
Total $ 7,384 $ 10,225 


2 Discussion 


The following schedules detail the estimates for this equipment. 


a Klystron Factory Equipment estimates are detailed in Appendix IV 
Section A-3. 
Factory Service Equipment $ 450,000 
Tube Assembly Equipment 175,000 
Tube Processing Equipment 610, 000 
Sub-total Stage I $1,235,000 
Stage II Aduitio..al 135,000 
Total $1,370,000 
b. Accelerator Tube Fabrication & Testing Equipment estimates are 


detailed in Appendix V. 


Electroforming Facilities $ 397,000 
) 
Accelerator Machine Shop 250, 000 
(Construction) 
RF Test Equipment 37,200 
$ 684,200 


* $1, 076, 000in the Site, Utilities, Building and Tunnel estimates 
** $1,900,000 in the Site, Utilities, Building and Tunnel estimates. 
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c All other fabrication and test equipment 


This category was set up in the Stanford estimate as a'‘catch-all to’ 
supply equipment not elsewhere included. No supporting detail 
was supplied and we were told that it resulted from taking a 
percentage of the construction budget based on experience. 


In the following we have made an estimate of equipment require - 
ments by type of employees, excluding the heavy handling 
equipment, in an attempt to arrive at a reasonable estimate for 
all equipment requirements and then subtracted the amounis 
otherwise included. The number of employees used is actually 
the estimated number for operation. The number for con- 
struction will be essentially the same in total except that there 
will be less scientists and more engineers. This does not affect 
this calculation appreciably. If additional equipment is needed 
during the construction phase, it can be obtained on a lease basis 


Class of Employee Number Rquigunent Total 
—_—_—— Per Man — 
Scientists 90 x 10, 000 $ 900,000 
Engineers 36 x 10, 000 360, 000 
Draftsmen & Designers 41 x 1,000 41,000 
Accelerator Operators 50 x 1,000 50,000 
Technicians 308 x 5,000 1,540,000. 
Machinists & Brazers 150 x 10,000 1,500, 000 
Crafts 73 x 5,000 365,000 
Other 9 x 1,000 9,000 
Maintenance 44 x 2,000 88, 000 
Administrative - clerks 198 x 1,000 198, 000 
Total $5,051, 000 
Subtract: 
Klystron Factory $1,235,000 
Accelerator Proper 684, 000 
Office Equipment 470,000 
Hauling Equipment 70, 000 2,459, 000 
All other Equipment Section III Schedule B-1 $2,592,000 
Tools and Test Instruments Section II Schedule D 680, 000 
Total all other Equipment Section II Schedule D $1,912,000 
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d 


Hauling and Handling Equipment 


End Station, Etc 





End Station Building Cranes $857,200 

Magnet Handling Cars, Beam Switchyard 20,000 $877,200 
Overhead Cranes Prototype & Accelerator Lab & Shop 21,000 
Tunnel Jib Crane Electrical Cars 49,000 
Tunnel Monorails 

Accelerator Tunnel $ 81,000 

Cross Drift 21,000 102, 000 
Tunnel Elevators 27,000 

Total Section II Schedule A $1,076,200 
Automobiles $ 15,000 
Trucks, Fork Lifts, Etc. 55,000 70,000 
Total Section III Schedule B-2 $1, 146,200 

Furniture, Storage and Office Equipment 
Since this type of equipment is proportional to manpower, one can 
get a close approximation by using a rate per employee. 
Group of Employees Rate Estimated Total 
Scientists 90 @ $ 750 $ 68,000 
Engineers 36 @ $ 750 27,000 
Draftsmen 41 @ $ 300 12, 000 
Accelerator Operator Supv. 10 @ $ 500 5,000 
Technician Supv. 60 @ $ 500 30,000 
Machinists 150 @ $ 200 30,000 
Crafts Supv. 7 @$ 500 35,000 
Other 9 @ $ 500 45,000 
Maintenance 4@$ 500 20, 000 
Administrative & Clerical 198 @ $1000 198, 000 
Total (Section II Schedule D 605 $470, 000 


(Section II Schedule B-3 


This total was reconciled against an approximate listing of equip- 


ment and compared very favorably. 
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f. Major Research Equipment 


This item was not in the Stanford cons truction estimate since 
it was their feeling that it was too early to predict what might 
be needed. They did show several ''such as" items in their 
operating budget. They are of course entirely right that it 

is too early to estimate these items; however, since the AEC 
requires that the initial compiement of research equipment 
be included in the construction budget, we are submitting the 
following on such a basis. 


1) An initial set of counting equipment about 


equivalent to that on the Bevatron $ 198,000 
2) Research Magnets - Assumed Stanford 

Figures 1,000, 000 
3) Unspecified 1,000, 000 


Total Section II Schedule A 


4) 10,000 KW of motor generator capacity 
to provide DC for magnets in the end station 
area. Includes AC feed, MG set, structure, 
cooling water and DC feed line. 1,900, 000* 


Total Section III Schedule B-4 $4,098,000 
3. Conclusion 
The equipment detailed above should be adequate for all phases 


of the construction project and provide for the initial complement 
of research and operating equipment. 


*In Section II - A Site, Utilities, Building and Tunnel Estimate 
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APPENDIX VII 
SECTION A 


OPERATING COSTS 


The following discusses the bases of calculation of the annually re- i 
curring costs after the project has passed ihe startup periad...The 

same assumptions are used here as were stated in part IV of this 

report. 


It also indicates the level of recurring plant and equipment costs amd 


a total of the recurring costs. 


As indicated in the following cost summary, this estimate exceeds 
the Stanford estimate by approximately $3,000,000. The differences } 
are as follows: 


he 


™N 


Klystron Repair & Replacement + $520, 000 


The degree of uncertainty of this portion of the estimate is large. 
This is discussed fully in Appendix IV. Stage I operation and a 

tube life of 2000 hours has been assumed. If Stage II operation 

and a tube life of 2000 hours were assumed approximately $3,000, 000 
additional would be required, however if a tube life of 4000 hours 
were assumed there would be only a small increase in the estimate. 
It appears that it will be necessary to adjust the parameters of 

tube life, number of tubes, tube repair costs and hours of opera- 
tion to stay within practical budget limitations as the tube life 
increases with experience. 


. Accelerator Operation + $121,000 


This difference represents a netting of two factors; a larger esti- 
mate of the maintenance requirements by Brobeck, particularly 
with regard to the electronics and plant maintenance type personnel, 
and a larger estimate of miscellaneous supplies by Stanford. There 
is a large quantity of electronic, electrical and mechanical utilities 
that require constant maintenance, in addition to the accelerator 
proper. The enormity of the accelerator is hard to visualize. A 
good measure of maintenance requirements is capital investment. 
For comparison, this accelerator costs about four times the cur- 
rent value of the Bevatron. It appears that the Stanford scaling 

of about 125% of the Bevatron staff is too low. Although estimated 
on a different basis, we feel our estimate of about 200% of the Berkeley 
staff is more realistic. Supplies have likewise been estimated on 
the basis of Bevatron experience. 


Research + $1,030,000 


This item is the major difference and is based on the above assump- 
tion of full utilization of the accelerator. This estimate includes 
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a greater number of scientific personnel and hence supporting 
personnel to obtain this utilization. Stanford assumes ten (10) 
senior staff members and forty (40) junior scientists at the 
graduate student level. This would appear to be too few con- 
sidering the expense of building and operating this accelerator. 
It would appear to include essentially no provision for other 
than experimental physicists. Theoretical Physicists, Mathe- 
maticians, other scientists, computer personnel, etc., might 
also find the machine useful or serve as valuable backup per- 
sonnel. In view of Stanford's desire not to employ this type of 
personnel, these people might take the form of visiting per- 
sonnel from other universities or laboratories. 


Administrative & General Service + $704,000 


This increase is a result of the general scaling up of the admini- 
strative costs due to the‘larger number of direct personnel and 
a higher estimate of the plant maintenance requirements. The 
former is obvious. The latter is a matter of judgment. Because 
of the large investment in plant facilities, approximately 
$25,000,000, it is estimated that at least a maintenance amount 
of 2% should be used, even in the first few years. This would 
amount to over twice the Stanford estimate. We feel that even 
when the plant is new there may be large expenditures for such 
items as repairing tunnel cracks,epairing slide damage, 
repairing high voltage failures, DC generator repairs, replace- 
ment of pumps, etc. Also, there are the everpresent items that 
did not get into the initial construction or were installed wrong 
and hence, must be fixed. 


Detailed Cost Comparison Scntins *Dollars 
Stanford Brobeck Stanford Brobeck 
Klystron Factory 


Engineers & Draftsmen 6 7 $ 40 §$ 45 
Technicians 75 128 495 862 
Machinists & Brazers €5 43 165 <1 
Electro-Platers & Spec. 10 17 66 112 

Sub-total 7 ——s § Wee $1, 300 
Material 965 1,000 

Total 116 195 $1,735) ‘ei see 


Accelerator Operations 
& Maintenance 


Accelerator Operators 46 46 $ 304 $ 309 


Machinists & Brazers 50 30 330 183 
Accelerator Technicians 63 45 416 275 
Electronic Technicians -- 50 --- 305 
Maintenance & Crafts -- 25 --- 153 
Engineers & Draftsmen -- 20 --- 132 

Sub-total $ 1,050 $1,348 
Power 1,200 1,500 
Other Materials 1,450 730 

Total 159 216 $ 3,700 $3,578 


*Shown in Thousands 
App. VII ” 
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Number 


Stanford Brobeck 


Research 

~ Senior Scientist 10 
Staff Scientist - 
Junior Scientist ” 
Graduate Student 40 
Engineers 8 
Accelerator Operators - 


Draftsmen 31 
Electronics Technician 75 
Laboratory Technician 25 
Mechanical Designer - 


Mechanical Technician*** - 
Nurse - 
Photographer - 
Radiological Technician - 
Machinist & Brazer 62 
Laborers 23 
Other Crafts - 
Sub-Total 
Power 
Material 
Total 274 


Administrative & General Service 
Administrative, Assistants 


& Section Heads 38 
Secretaries, Clerks, Help. 1@ 
Maintenance - 

Sub-Total, Labor 
Janitor & Plant Security - 


(Service Contracts) (30) 


OASI Tax & Comp. Ins. 
Group Life Ins. & Retire. 
Plant Maintenance Contracts 
Communications 
Travel 
Misc. Utilities, Material & 

Other Costs 

Total 178 


University Allotment 


10 
**20 
**20 

40 

25 

4 

19 

50 

35 


346 


38 
160 
44 


(30) 


Equipment not related to Construction 


Total Operating Costs 727 


* Shown in Thousands. 


999 


** Not necessarily Stanford Employees. 
*** Included as Maintenance Men under ''Administrative Service’ 
**** Stanford amounts were divided in this manner for comparison. 





ACCELERATOR 
* Dollars 
Stanford _Brobeck 
$ 100 $ 130 
--- 200 
-<- 140 
160 160 
69 200 
--- 24 
205 95 
495 325 
165 193 
--- 36 
oe 15 
--- 10 
--- 24 
409 366 
92 92 
--- 165 
210 210 
350 900 
$ 266 §$ 266 
560 640 
--- 275 
$ 826 $1,151 
eK *1 65 165 
107 146 
127 175 
**RE1 OQ 250 
60 60 
20 30 
200 400 
$ --- $ 250 
$ 650 $ 1,200 
$10,040 $13,020 
aaa SSS SS 
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SECTION B 


RECURRING PLANT & EQUIPMENT COSTS 


1. General Plant Stanford Brobeck 
x 1000 x 1000 
Other 1,000 x 1/2 $ 500 $ *.) 
b. DC Generators 200 x 1/4 50 *.2 
c- Machine Improvements 
2,000 x 1/4 500 500 
d. Plant Improvements - General --- 500 
$ 1,050 $ 1,000 


2. Line Items 


a. Large Magnetic Spectrometer $ 600 $ 600 
b. Bubble Chamber or Equivalent 
2,000 x 1/2 1,000 1,000 
c. Research Magnets - 
1,000 x 1/2 500 *~3 
d. Additional Observation House 
1,500 x 1/4 375 375 
e. Shielding Changes 3,000x1/4 750 750 
S$ 3,225 $ 2,725 
Total Recurring Costs $ 14, 313 $ 16,745 


$1,000,000 put in Construction Budget for unspecified initial 
complement of large research equipment. 


*-2 $1,900,000 in Construction Budget for 10,000 KW of DC power 
supply and structure. 


*-3 Put in Construction Budget. 
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APPENDIX VIII 
SPACE ANALYSIS 


Shown below are two tables, a ''Space Summary'"' provided by 
the construction program, anda ''Personnel Summary" as in- 
dicated in the estimate of recurring costs. 


It will be noted that the space provided is in reasonable agree- 

ment with the space requirements. This type of comparison is 

fairly valid for office type personnel and laboratory and shop 
personnel who remain at their benches all of the time. It, how- 
ever, breaks down in the case of maintenance personnel and sci- 
entific personnel who spend a large fraction of their time in the 
structures which house the large accelerators or other equipment, 

or are outside. It also breaks down when shift work or part time 
employees are included. 


The tables show space for 280 office type employees, of which 
it is estimated there will be 255. This is quite close, leaving 
room for Government contract administration personnel confer- 

ence rooms, etc. 


The tables show laboratory and office space for 105 employees 
with an estimated total of 105. 


The tables show shop space for 470 persons with 471 estimated 
to be on the payroll. This includes a large number who work in 
the shop only a fraction of their time, hence the overall space } 
per man figure appears low but should be satisfactory. 


The remaining personnel are transients and work primarily in 
the storage areas, the accelerator area and outside. 


The total space provided herein is 415,500 sq. ft. This differs 
only a small amount from the Stanford estimate of 393,500 sq. 
ft. The prime differences are increase in office space of 16,000 
sq. ft., and switching of some of the accelerator shop space to 
storage space. 


The increase in personnel shown in our estimate requires the 
additional office space and there was an apparent lack of storage 
space. 


App. vat 
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APPENDIX IX 
UNIVERSITY OVERHEAD ALLOWANCE 


The following calculations have been made without the assistance of Stanford 
University. They point out that the amount included for University over- 
head is a matter to be settled by negotiation based on actual operating 
conditions at the time and, therefore, is not subject to advanced estimating. 
Before preparing our estimate, Stanford University personnel were con- 
tacted and they are still of the opinion that they are not in a position to 
provide estimates. 


Since it is necessary for budget purposes and because the Commission 


has requested that an amount be included, the following estimates are 
presented. 


1. First Two Years 


During the early phases of the development and construction program 
the proposed project will depend very heavily on the University gro- 
per to provide facilities and services for this project. During this 
period it seems logical to assume that the rate will be comparable 

to that obtained from the "Mills Formula" reduced by the amount of 
indirect services provided with project funds. To obtain an approxi- 
mate value of what this would amount to, one can use the estimated 
costs and staffing pattern for the first two years as presented in the 
Stanford report. 


83 + 330 


Average Direct Personnel = 207 
2 
Average Administrative Personnel eae = 54 
Annual Rate Direct Personnsl 3.25x 2080 = $6, 760 
Total Direct Salaries - Average 
First Two Years 207 x $6, 760 = $1, 399, 320 
40% of Direct Labor .40 x $1, 399,000 = $560, 000 
Administrative Effort charged to Contract 
Administrative 
15 x 3.45 x 2080 = $108, 000 
Clerical 
39 x 2.10 x 2080 = $171,000 $279, 000 
. Balance - $560,000 less $279, 000 = $289, 000 


2. After Second Year 
After the second year the method of operation changes quite radically. 


By this time the project will have acquired a nearly complete com- 
plement of administrative and service personnel and will be fairly 
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independent of the University administration for day to day needs. 

The University, on the other hand, will supply many items in support Tt 
of the project, a high percentage of which will be of intangible nature an 
to which it is very difficult to apply a value. The most important of ac 
these is what might be termed the ''good name of the University," i.e., 

the overall competence to ably administer such a project and to attract ne 
top quality personnel to assure maximum utilization of this expensive 
instrument. More tangible items would include: 


a. University Management Costs. 

b. Land Use Cost based ona realistic industrial use. 

c. Indirect effects on the University operating costs. 

d. Legal fees. 

e. Liability Insurance and risk. Tl 

f. Use of University facilities by AEC supported personnel. no 

g. Support of the AEC project by other service and technical se 
departments for which no direct charge is made. er 


During past years there has been considerable discussion concerning 
the above points in the dase of other university contractors. Each case 
has its own unique characteristics. While it is impossible to apply 
any one of these to the Stanford situation, it is possible to infer from 
the pattern what an order of magnitude rate might be for the Stanford 
case. From a survey of rates paid other universities it would appear 
reasonable to arrive at a rate based on an average annual cost for the 
balance of the construction program and the first few years of opera- 
tion. A rate of approximately 2% of the average annual costs over a 
range of from $10,000,000 to $15,000,000 or $250,000 per year would 
appear to be a reasonable amount to use for budget considerations. 
Since this amount approaches very closely the amount computed for 
the first and’ second years, the budget assumptions contained in this 
report include $250,000 for each year. The actual rate will probably 
be less than this amount and will, thus, be within the budget provided. 


Land Use 


Since a large fraction of the above is for land use, it may be well to 
briefly state what values might be expected to be if leased by the Uni- 
versity to others. 


The project requires a site of approximately 400 acres. Of this, ap- 
proximately 100 acres are adjacent to Stanford Industrial Park and 
suitable for industrial development. A 99 year lease on this type of 
property after development is presently selling for about $30,000 per 
acre. Undeveloped, the land is probably worth not more than $20,000 
or a total of $2,000,000. 
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The balance of the land is suitable for residential development 
and has a market value of approximately $10,000 to $12,000 per 
acre after development. Prior to development it would be more 
nearly $6,000. 


100. x 20, 000 $ 2,000,000 
300 x 6,000 1,800, 000 
Total $ 3,800,000 
Interest Return - 4% $ 152,000 


The above would apply on a long term basis. Since the land is 
not currently being used effectively nor will it all be put out of 
service during the first two years, any allowance should be cov- 
ered by the "'Mills Formula" during this period. 
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DRAWINGS ~ BROBECK 


Klystron High Voltage Power Supply Schematic 
Klystron Modulator Schematic 

Deleted 

Sector RF Driver & Trigger Schematic 
Waveguide Arrangement - Stage I 

Waveguide Arrangement - Stage II 

Deleted 

Klystron Cubicle Installation 


Typical Modulator Control Requirements - Stage II 


Vacuum System Schematic 
Accelerator Tube Installation 
Inflector & Deflector 
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Appendix 2 


A PROPOSED FEDERAL PROGRAM 
IN SUPPORT OF 
HIGH ENERGY ACCELERATOR PHYSICS 


BACKGROUND 


1. High energy physics is one of the most active fields in 
contemporary science, and one which has attracted many of the best 
experimental and theoretical scientists throughout the world. In a sense, 
it is the most fundamental branch of physics, since its aim is to discover 
and investigate the elementary particles from which all matter is made. 
Many of these particles are now known, and the majority of them are 
unstable; in order to investigate their properties, the experimenter 
must have means for creating these unstable particles in the laboratory, 
which is done by converting the kinetic energy of accelerated protons or 


electrons into the equivalent mass of the new particles. Hence the need 
for high energy. 


The exact energy needed depends on the particle to be produced, 
as well as the bombarding particle. The better-known class of pions 
and muons can be made at energies as low as 200 MEV (million electron 
volts), while the still very mysterious ‘strange particles" require 
energies starting at about 1 BEV (billion electron volts) for electron 
bombardment and about 2 BEV for proton bombardment. To produce 
some types of strange particles in pairs (in order to get the anti-particles, 
in analogy to the anti-protons) requires many BEV. The importance of 
this field in understanding the basic nature of matter and its behavior 
cannot be overestimated. 


2. Experimentation in high energy physics requires expensive 
devices to accelerate particles to the desired energy, expensive 
instruments to measure and control particles traveling at speeds 
approaching the velocity of light and large numbers of scientific 
and technical personnel. Thus, not only the construction of these 
high energy physics accelerators, but also their utilization require 
the expenditure of large sums of money. 


3. Immediately after the war, the Federal Government encouraged 
and supported the construction of high energy accelerators in several 
universities and national laboratories and, at the completion of these 
accelerators, funds were provided for the operation of these machines 
to perform the necessary and desirable experiments. In addition to 
providing important research results, these accelerators also have pro- 
vided the training ground for the group of young scientists who are now 
carrying the responsibility for the future of this field and for many 
who have since made contributions in other fields. 


4. Later requirements were recognized for more and more 
powerful, and thus more expensive, accelerators, The Federal Govern- 
ment supplied support for these new accelerators, some of which are now 
operating, others still under construction. Funds for the construction 
and operation of all new high energy accelerators initiated since 1953 
have been provided by the Atomic Energy Commission. Other countries 
throughout the world - Western Europe and Russia - also have develop- 
ment programs for construction and utilization of particle accelerators 
for the study of high energy physics. 


5. There is now need to review the high energy accelerator 
program and needs at the Presidential level. This stems from: (a) the 
extraordinarily high cost of the construction and utilization of high 
energy accelerators; (b) the fact that all support in this scientific area 
comes from the Federal Government; (c) the interest of a number of 
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Government agencies in the science and technology associated with both 
the construction and the experimental results; and (d) the desire to have 
an orderly national program taking full account of the activities abroad. 


6. A number of groups within the Federal Government have 
studied this problem, The most detailed emaminations have been made 
by the Advigory Panel on High Energy Accelerators of the Nation Science 
Foundation Other advisory groups which have also been concerned 
with this general area are the President's Science Advisory Committee, 
the General Advisory Committee to the Atomic Energy Commission, and 
the Defense Science Board of the Department of Defense, There is 
general agreement on the recommendations contained herein among the 
several groups listed above. 


DISCUSSI 


7. An adequate approach to high energy physics research 
requires well rounded coverage of the basic accelerator parameters -- 
most importantly, the type of accelerated particle (protons and electrons), 
the energy, the intensity and the beam geometry. Progress in the field 
will require, in addition to full exploitation of existing accelerators, 
extensions of certain of these important parameters, 


8, Current Situation: The United States has 15 high energy 
accelerators in operation with energies above 200 MEV (Table Jj; four 
of these have energies in excess of 1 BEV and are capable of producing 
"strange" particles, The highest energy particles now available are 
6.2 BEV protons and 1,2 BEV electrons, Four additional accelerators 
are under construction by the Atomic Energy Commission: a 6 BEV 
electron synchrotron at Cambridge, Massachusetts, (Harvard- MIT); 

a 25-30 BEV proton synchrotron at the Brookhaven National Laboratory; 
a 12.5 BEV proton synchrotron at the Argonne National Laboratory; and 
a 3 BEV proton synchrotron at Princeton University that will greatly 
increase the intensity available at that energy, The Argonne and 
Brookhaven accelerators will be capable of producing all known types 

of particles, 


9. Needed Extensions of Parameters: The most urgent additional 
needs at present are to extend electron energies, to improve both electron 
and proton intensities at the higher energies and, where feasible, to improve 
the beam geometries, 





(a) Electrons: The important electron experiments requiring 
extended parameters are (1) electron-nucleon scattering at higher 
energies and especially at better beam geometries than the- 
Cambridge accelerator will provide; (2) electron-and photo- 
production of hyperon pairs. Fortunately, significant extensions of 
the energy with moderately high intensity and excellent beam 

- geometry are feasible by the linear accelerator method. 
1/ The following National Science Foundation Panel reports have been 
issued: 


Report of the NSF Advisory Panel on Ultra High Energy Nuclear 
Accelerators, MPE Study S-5, May 2, 1954, 


Report of the Advisory Panel on High Energy Accelerators to 
the NSF, October 25, 1956. 


Supplement to the Report-of the Advisory 
Accelerators to the NSF, NSF 58-29, August 7-8, 1958 
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(b) Protons: Although there appears to be no immediately 
compelling requirement for extending the proton energy parameter 
beyand the 25-30 BEV to be available at Brookhaven National 
Laberatory (and at CERN, the European Center in Geneva, 
Switaerland), there is an urgent need for higher proton intensities, 
Altheugh accelerators now in operation produce strange particles 
in sufficient numbers to study their production processes, their 
intensity Limitations make very slow and difficult -- and in some 
cases impossible -- adequate study of the interactions of these 
particles with other particles. These limitations will be only 
partly remedied by the accelerators under construction. Interaction 
studies are indispensible to a determination of the properties 
of these strange particles and hence to an understanding of their 
nature and of the role they-play in the structure of matter, Hence 
there is a need for a multi-BEV proton accelerator of much higher 
intensity than any in the present programs, to produce adequate 
beams of strange particles, including anti-nucleons,. Its energy 
should be at least 8 BEV, 


10. In addition to the need for extending the ultimate energy and 
intensity Limits, the problem of understanding in a quantitative way the 
detailed processes involved in high energy interactions requires multiple 
beams of different energies and intensities and floor space to accommodate 
a large variety of experimental setups, Although present accelerators are 
properly operated as national assets and are made available to any 
qualified scientist to the fullest extent practical, the capacities of these 
instruments are limited both for research and for training even though 
operated on an around-the-clock basis, 


The disruption of the teaching and other academic activities of 
university scientists makes it difficult for them to conduct experimental 
research programs on remote accelerators, The need for additional 
research space, experimental beams and accelerators accessible to 
university scientists justifies the construction of additional regional or 
university accelerators, not necessarily of the most advanced design. 


1l, Needs, The Committee bas carefully reviewed the present 
high energy accelerator program (Table I) in the light of the above factors 
and finds that the future United States requirements fall into four major 
categories. 


(a) Presently operating accelerators. It is necessary to 
continue and to expand the support of presently operating 
accelerators to assure maximum exploitation. This requires 
continuous updating of facilities, expansion of research space, 
and the support of major efforts aimed at the augmentation of 
existing techniques for beam analysis, particle detection and 
date reduction and analysis, 


(b) Accelerators presently under construction. It is necessary 
that the accelerators now under construction be finished without 
undue delay and that adequate funds be provided to equip and operate 
them, It is necessary to give particular attention to p 
early support to plans for initial experimental facilities in order 
that these facilities be efficient, flexible, end available once an 
accelerator is operating, 


tt is clear that the Federal Government is committed to 
provide adequate support to those gccelerators which pre now in 
operetion or under construction in order to fully exploit the 
capabilities of the instruments, Thus, regardless of decisions 
which may be made with reapect to the construction of additional 
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accelerators, high energy accelerator physics can be expected to 
be costing the Government about $75 ~ $80 million annually by 
1963, This figure must be considered as a base cost upon which 
any future forward steps must be built.- The projected costs 
shown in Table II and Figure I have been jointly developed by the 
Atomic Energy Commission, Department of Defense and National 
Science Foundation and reflect the present degree of diversity of 
support, 


(c) New Construction. There is a clear need for the 
construction and operation of additional accelerators both to 
increase the energy and intensity parameters and to increase 
the U. S. capacity for experimentation in this field, 


(1) Extension of energy, intensity, and geometry 
parameters, There does not now appear to be a clear need 


for extension of the energy parameter for protons beyond 
the 30 BEV now in sight at the Brookhaven National Laboratory 
and CERN. (Paragraph 9(b).) As stated in Paragraph 9 (a) 
there is an immediate need for a moderately high intensity 
electron accelerator in the energy region of 10-15 BEV. 
There is also a need for a high intensity proton accelerator 
at an energy of 8 BEV or above, Accelerators to meet these 
needs will cost approximately $15 - $20 million each per 
year to build and operate, Thus, these two needs can be 
expected to increase the costs of high energy accelerator 
physics from $75 - $80 million to about $120 million per 
year in the course of the next five years. 


(2) Increased United States States capacity for for experim entation. 
As explained in Paragraph 10, the faculties and students of 
the nation's universities must have increased access to high 
energy accelerators, The additional accelerators need not 
necessarily be unique or extreme in their energy or intensity 
characteristics in order to fully justify their construction at 
a site where they may exploit the unique capabilities of a 
single university or group of institutions. It is our best 
judgment that by FY 1963 an additional $15 million per year 
will be required to meet these needs, thus raising the total 
cost of high energy accelerator physics to between $120 and 
$135 million per year by 1963, 


(d) New Accelerator Concepts, Research and exploratory 
development of new accelerator concepts must be strongly supported 
without prejudice to a later determination of need for full-scale 
construction, In addition, in order to make optimum use of the 
accelerators, strong support will be required for advancing the 
techniques of particle detection, data reduction, and data analysis. 


12. Policy Considerations and Conclusions. 


(a) Need for expanded support, The basic importance of 
research in the field of high energy physice and its high cost, 
well beyond private resources, requires the Federal Government 
to continue to expand its support of this field consistent with valid 
scientific needs and the availability of qualified research 
personnel, Consequently, government planning must be based 
on the need for an increasing level of support from some $59 
million in fiscal year 1959 to approximately $135 million in fiscal 
year 1963, in accordance with the needs outlined in Paragraph 11 
(See Fig. 1). 
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(b) Effect on other areas of basic science. Concern has 
been expressed that increased financial support for high energy 
physics may have an adverse effect on the support of other areas 


of science, In our judgment it should not, 






It is not possible to assign relative priorities to various 
fields of basic science nor sould they be placed in competition. 
Each science, at any given time, faces a set of critical 

problems that require solutions for continued growth. Sometimes 
these solutions can be acquired at little cost; sometimes large 
expenditures of funds are needed, Hence, the cost may not 
reflect the relative value but rather the need, 





Each area must be funded according to these needs. The 
peculiarly high cost of high energy accelerator physics is due 
to the size and complexity of the research tools required to 
attack the fundamental probleme of the field. The tools 
required are proposed by active leaders in the field anxious to 
devote their talent and energy to developing those tools, Hence, 
in high energy physics the necessary combination of qualified 
people with sound ideas for meeting widely recognized scientific 
needs does exist and the field should be supported, 


(c) Priorities, Within the field of high energy accelerator 
physics, first priority should be given to fullest utilization of 
existing accelerators including their modification and the 
continuing provision of newW-instrumentation. Next priority 
should be given to adequate facilities for effective use of the 
accelerators now under construction, Next in importance is 
the construction of new accelerators required for the exploration 
of new scientific phenomena beyond the capabilities of existing 
accelerators and the provision of university facilities, 























(d) Guidelines for implementing priorities, The following 
guidelines should apply in order to assure that the needs outlined 
in Paragrapb 11 are met: 
intensity parameters, Construction should be recommended 
only when the accelerator is designed to meet a clear 

research need in physics and after the technical feasibility 
has been firmly established. 






(2) University Accelerators, A university accelerator 
need not necessarily extend either the energy or the intensity 
parameter; the accelerator and associated laboratories should 


be within the administrative and technical capabilities of the 
university, 












(3) Regional Accelerators, Regional accelerators 
need not necessarily extend either thenergy or intensity 
parameters, The construction of conventional accelerators 
or accelerators of advanced design md established technical 
feasibility may be justifiable on the basis of an expressed 
regional need and a regionable capability. 





(e) Diversity of support within the Executive Branch, It is 
important that the Atomic Energy Commission, the National 
Science Foundation and the Department of Defense each support 
research in high energy physics because of their separate 
responsibilities for the support of basic research, because of 
the fundamental nature and significance of high energy physics 
and the corresponding need for each of thee e agencies to keep 
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in direct and intimate contact with the scientists in this field 
and their research, Accordingly, the construction and 
operation of future high energy accelerators should not be 
considered the responsibility of any single Federal agency, 


The Atomic Energy Commission, Department of 
Defense and National Science Foundation should each maintain 
strong interests and contacts in the field of high energy 


accelerator physics, This can be achieved only through direct gu 
financial responsibility and participation in the construction of rt 
high energy accelerators, The budgeting for the total cost of 


construction and operation of a particular accelerator should 

be the responsibility of a single Federal agency, as sole 

agent on behalf of all, supplemented by appropriate coordination 
with the other agencies active in this field, 


These large particle accelerators constitute a 
national asset and should be made available tocompetent scientists 
elsewhere in this country and abroad to the fullest extent 
practicable, The support of any given accelerator project by 
a particular Federal agency should not be construed to 
prevent or limit the financial support of outside groups using 
the accelerator by other agencies, public or private. 


(f) Coordination, The parallel interest of several Federal 
agencies in the mpport of high energy physics and the impact of 
this support on national budget planning and programming require 
a coordinating mechanism to assure effective planning and 
review at the national level, An interdepartmental council on 
high energy accelerators should be established to assure 
coordination of budget and technical planning, The membership 
of the council should consist of policy level representatives 
from the Atomic Energy Commission, Department of Defense 
and National Science Foundation, Technical assistance to the 
council should be provided by the scientific staff of the three 
agencies (AEC, DoD and NSF) directly concerned with the 
administration of high energy physics research programs, The 
council should be responsible for continuing reformulation of 
national policies on high energy accelerator physics and the 
implementation of this policy, This should include the review 
and coordination of agency programs and plans in the field of 
high energy accelerator physics and the review of agency 
proposals for new accelerators, 


(g) Review of contracting practices and prefinancing, 
There should be a review of contracting procedures by the 


Atomic Energy Commission, Department of Defense and 
National Science Foundation to assure that such procedures 
properly support scientific undertakings of this magnitude and 
character, Present procedures should be revised where 
necessary so that agencies can provide funds in the contract, for 
@ period of one to three years in advance, for the support of 
research operaticns connected with high energy accelerators, 


(h) International collaboration, The world-wide scientific 
significance of research in high energy physics, the extensive, 
high quality of scientific activity abroad in this field, and the 
limited number and costliness of high energy accelerators 
present a unique opportunity for a high degree of international 
collaberation and cooperation in the planning for and design of 
future accelerators and in the increased use of facilities, Asa 
first step in the direction of international collaboration looking 
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toward the development of new high energy accelerators, 
representative scientific groups from other countries, including 
the USSR, should be encouraged to meet with us in order to lay 
plans for cooperative research on new accelerator concepts, 
The National Academy of Sciences shduld be requested to advise 
oh the best means for accomplishing this objective, 


13, Specific proposals on hand, Consistent with the needs and 
guidelines outlined in Paragraphs 11 and 12 (d) above, the following 
comments apply to the three major proposals before the Federal 
Government: 


(a) Stanford University, The Stanford proposal for an 
electron linear accelerator adequately meets the requirement 
discussed above (Par, 12 (d)(1)) of a research need for a new 
electron accelerator and its technical feasibility has been 
adequately demonstrated, It should be supported fully with the 
ultimate objective as described in the proposal and with an 
initial energy of at least 10 BEV, It is desirable that this 
accelerator project be initiated in fiscal year 1959 in order to 
avoid an undue delay in high energy research, Because of its 
dependence on advanced microwave technology, this proposal 


should be of particular relevance to the interests of the Department 
of Defense, 


(b) Midwestern Universities Research Association (MURA), 
Although the technical feasibility and research utility of the 
specific accelerator recently proposed by MURA have not been 
established, many of the important new accelerator concepts 
of recent years have come from the ideas and work of the MURA 
group. Continued progress in these developments is strongly 
dependent on the continuation and intensification of the MURA 
program, The group should be supported on a continuing basis 
with the funds and facilities necessary for its participating 
intensively in the development, construction and operation of high 
energy accelerators, 


(c) Oak Ridge National Laboratory, The research need for a 
high energy accelerator at the Oak Ridge National Laboratory 
should be further explored with the Laboratory and the southern 
universities concerned, The Oak Ridge group should be 
supported in continuing design and development activities, The 
technical feasibility of the accelerator proposed by Oak Ridge 
has not been established, 


RECOMMENDATIONS 
14, It is recommended that the Federal Government: 


(a) Expand its support of high energy accelerator physics 
in a manner consistent with valid scientific needs (Par, 11) 
and the availability of qualified research personnel; 


(b) Plan for an increasing level of support for construction 
and operation of high energy accelerators to a level of 
approximately $135 million by fiscal year 1963 with the priorities 
and guidelines outlined in Paragraph 12 (c) and (d); 


(c) Note that the increased funds for high energy 
accelerator physics should be provided without affecting the 
support of other areas of basic science; 
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(d) Note that specific needs exist for an electron linear 
accelerator of at least 10 BEV and a high intensity proton 
accelerator of at least 8 BEV; 


(e) Approve the initiation in fiscal year 1959 of the 
proposed accelerator project at Stanford University as 
modified in Paragraph 13 (a), 


(f) Note that construction of the Stanford accelerator can 
be expected to cost approximately $100 million; 


(g) Note that initial operating costs of the Stanford 
accelerator will be approximately $15 million per year once the 
accelerator comes into operation and that instrumentation and 
initial experimentation should be undertaken several years in 
advance of the completion of the accelerator; 


(h) Continue to provide adequate support and encouragement 
to the development group of the Midwestern Universities 
Research Association; 


(i) Encourage the further exploration of the research needs 
of the Oak Ridge region and the design of accelerators capable 
of meeting those needs; 


(j) Note that the interests of the Federal Government and 
the scientific community are best served by the direct financing 
of the projects in this field by the Atomic Energy Commission, 
Department of Defense and National Science Foundation with the 
contract authority and budget responsibility for a given project 
being vested in a single agency; 


(k) Approve the establishment of an interagency council at 
the policy level to assure coordination of budget and technical 
planning, this council to be assisted by the scientific staff 
of the agencies concerned; 


(1) Approve the provision of contract funds for periods 
between one and three years for the support of research operations 
connected with high energy accelerators; 


(m) Encourage international collaboration and cooperation 
in the planning for and design of future machines and the 
increased use of facilities; and 


(n) Request the National Academy of Science to study and 
advise the Government on the best method for proceeding with 
international cooperative research on new accelerator concepts, 
such cooperative activity including the Soviet Union, 
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TABLE | 


U, S. HIGH ENERGY ACCELERATORS PRESENTLY IN OPERATION 













MACHINE PARTICLE ENERGY LOCATION 





Synchrocyclotron Proton 0, 240 Bev Univ. of Rochester 











Synchrotron Electron 0, 300 Bev Univ, of California 
Synchrotron Electron 0. 300 Bev General Electric Co, 
Synchrotron Electron 0,300 Bev Mass, Institute of Tech, 
Synchrotron Electron 0, 300 Bev Purdue University 
Betatron Electron 0, 300 Bev Univ, of Illinois 
Synchrocyclotron Proton 0, 400 Bev Columbia University 
Synchrocyclotron Proton 0, 440 Bev Carnegie Inst, of Tech, 
Synchrocyclotron Proton 0, 450 Bev Univ. of Chicago 
Synchrocyclotron Proton 0.740 Bev Univ. of California 
Linear Accelerator Electron 0.7 4Bev Stanford University 
Synchrotron Electron 12 Bev Cornell University 
Synchrotron Electron 12 Bev Calif, Inst. of Tech, 
Synchrotron Proton 3.2 Bev Brookhaven Natl, Lab, 
Synchrotron Proton 6.2 Bev Univ. of California 















U. S, HIGH ENERGY ACCELERATORS 
PRESENTLY UNDER CONSTRUCTION 


. COMPLETION 
MACHINE PARTICLE ENERGY LOCATION EXPECTED 












Synchrotron Proton 3 Bev Princeton-Penn (N, J.) 1960 
Synchrotron Proton 12.5 Bev Argonne Natl, Lab, 1962 
Alternating-gradient Proton 25-30 Bev Brookhaven Natl Lab. 1960 


synchrotron 
Synchrotron Electron 6 Bev Harvard-MIT, Camb, 1960 
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ANNUAL HIGH ENERGY PHYSICS SUPPORT BY VARIOUS GOVERNMEN! 
AGENCIES BASED ON EXISTING OR AUTHORIZED ACCELERATORS 
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1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 


1963 
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AEC 





TABLE I 


ACCELERATOR 


(In thousands) 


ONR 


Operating Construction 


3, 400 
4, 800 
3, 400 
5, 900 
6, 300 
7, 600 
7, 400 
8, 300 

10, 200 

16, 000 

19, 100 

27, 700 

36, 600 

45, 900 

53, 700 


60, 500 


*Estimated 


500 
600 

1, 600 
7, 500 
4, 100 
1, 700 
2, 300 
1, 900 
1, 600 
3, 200 
7, 000 
12, 900 
26, 300 
20, 500 
19, 000 
18, 800 


9, 000 


3, 900 
4, 000 
2, 400 
2, 200 
1, 600 
3, 300 
1, 600 
2, 400 
1, 800 
1, 500 
1, 600 
2, 000 
3, 300 
3, 300 
3, 600 
4, 000 
4, 400 


4, 800 


OSR 


270 
320 
610 
930 
1, 000 
865 
950 
1, 150 
1, 250 


1, 550 


NSF 


80 
280 
220 
180 
210 
400 
700 

1, 000 
1, 500 


2, 000 


TOTAL 


3, 900 
4, 500 
6, 400 
8, 600 

12, 500 

13, 300 
9, 600 

12, 300 

11, 400 

12, 000 

15, 800 

26, 100 

36, 500 

58, 600 

62, 400 

71, 100 

79, 700 


77, 900 
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Appendix 3 


AN EXPLANATORY STATEMENT ON 
ELEMENTARY PARTICLE PHYSICS 


HIGH ENERGY ACCELERATOR PHYSICS 


A Peport of a special panel appointed by 
the President’s Seience Advisory Committee 
and the 
General Advisory Committee to the 
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Elementary particle physics is the exploration of the subatomic 
world, It is concerned with phenomena remote from our immediate 
and familiar surroundings, but applications stemming from this branch 
of physics have had profound effects upon our technology, our national 
security, and even our daily living. And yet elementary particle 
research proceeds, ndt with any view toward useful application, but by 
pursuing discovery for its own sake, & is the very beart of modern 
physics, and the product of many centuries of effort te understand our 
universe, This statement seeke to convey something of the main ideas 
of elementary particle physics, its spirit, its methods, its results, 
and its valee to our society. 


The realm of the physicist is ever changing. Knowledge of the 
physical universe increases at an enormous rate, and the physicist -- 
who explores the rapidly shifting border between the known and the 
unknown ~- continually departs from familiar areas and enters into 
new and unknown regions, Fifty, even twenty-five years ago the main 
branches of physics were quite different from present fields of 
investigation. Radio waves, electronics, the forces that bind molecules, 
the arraagement of electrons in the atom, the radiation and absorption 
of light ~- indeed, most of the phenomena which so strongly held the 
attention of physicists half a century ago <-- are now part of the subject 
matter of other disciplines, Just as the mechanical physics of Galileo 
and of Newton have given rise to the separate professions of mechanical 
engineering and civil engineering, so these phenomena are now, for the 
most part, part of the domain of the electrical engineer, the physical 
chemist, and similar specialists, Even nuclear physics, the main focus 
of attention of physicists just ten or twenty years ago, has already given 
birth to the separate fields of nuclear chemistry and nuclear engineering. 
The frontier of knowledge and with it the chief concern of physics is 
moving into newer regions, 


The exploration of the physical universe has proceeded in two 
directions, opposite but not unconnected, From the partial understanding 
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by Newton and his contemporaries of the behavior of the familiar 
objects of our world, the motions of bodies when forces are exerted 
upon them, the flow of liquids, or the changes in a gas when we heat 
or compress it, our knowledge has expanded to encompass phenomena 
which take place on a scale vastly different from that of our immediate 


experience, the astronomically large and the submicroscopically 
small, 


Physicists now comprehend not only the structure of stars, 
the motion of our own and other galaxies, the curvature of space, 
the possible ways in which our universe has evolved, but also matter 
on a finer and finer scale: from familiar objects to molecules; then 
to the atoms of which the molecules are composed; the internal structure 
of the atom with its electrons orbiting around nuclei; the nucleus itself, 
made of protons and neutrons and the mesons which bind them together; 
and lately even sometbing of a picture of the inside of the proton itself, 
complex and containing yet other particles, We are peeling an onion 
layer by layer, each layer uncovering in a sense another universe; 


unexpected, complicated, and -- as we understand more -- strangely 
beautiful, 


Elementary Particles 


The basic particles out of whose interactions and combinations 
our whole universe seems to be formed are called "elementary 
particles."' It is a term whose significance has varied enormously as 
our view of the physical universe hag become more detailed and precise; 
the changes in its meaning mirror the history of modern physics, In 
the time of Newton and for almost a centruy thereafter the connection 
between the structures of different materials was not understood and 
there were, in this view of our world, as many "elementary particles" 
as there were kinds of matter: water, salt, oxygen, iron, quartz, 
etc., an immense number, The uncovering of a finer structure to 
matter, Mainly in the nineteenth centruy, revealed that all matter, with 
all its different sorts of molecules, was composed of fewer than 100 
kinds of atoms; these became the elementary particles of last century's 
physicists, Shortly before the first world war we had our first look 
inside the atom, It appeared as a very small core, the nucleus, 
surrounded by one or more electrons whose configuration determined 
the chemical properties of the atom. More than two decades ago the 
tiny nuclei themselves were split open. Observations were difficult, 
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fussy, approximate, but clearly showed that all nuclei were composed 
of combinations of protons and neutrons, And so, as we peeled our 
onion and looked to more infinitesimal distances we saw that our 
approximately 100 atoms were indeed not truly the elementary particles 
of our universe, but were themselves made up of a very few kinds: 
protons, neutrons, electrons. To this list we should perhaps add the 
light wave, It bas bad many aliases in our times: electromagnetic 
radiation, the X-ray, the gamma ray, the quantum, the photon, It 

has appeared in various guises, identified as different entities according 
to whether it had great energy, or very little energy, or was acting as 
a@ wave (such as sound or ocean waves), or as a particle in the manner 
of a bullet or a speck of sand. It bas been a triumph of modern physics 
to understand this dualism in the behavior not only of light but of all 
particles; physicists now realize that what are conventionally labeled 
as particles have wave properties, and conversely that the light wave 
is as much an elementary particle as the electron or the proton, or the 
neutron, But the view that these four particles might be the ultimate 
elementary particles of our universe has been emphatically destroyed. 
Remarkable advances in theoretical understanding and experimental 
technique have revealed that the appearance of our universe is not nearly 
so simple, Various elementary particles, when looked at with instru- 
ments which can resolve extraordinarily fine detail, revealed a 
substructure involving a host of new and strange particles, Our onion 
has more skins, 


Ways and Means 


With our eyes we can distinguish objects whose size is as small 
as three thousandths of an inch. A microscope is used to see detail on 
a much finer scale. But the wave nature of light limits the sharpness 
of detail that can be observed, Theory predicts and experiment confirms 
that with even the most perfect optical instrument it is not possible to 
see anything smaller than the wavelength of light. For visible light this 
is about 0.00001 inch, a thousand times the radius of an atom, a hundred 
million times as large as a nucleus. And so in the conventional sense 
we cannot see an atom or a nucleus, nor can we ever hope to do so. 
The exploration of atomic and nuclear particles demands a different 
type of vision, different kinds of instruments, 


One way to try to see to atomic distances and beyond is to use 
light of wavelength much shorter than that of normal visible light, 
% rays or gamma rays, Such short-wavelength forms of light are 
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emitted only by sources that can impart a great deal of energy to a 
single light wave; the higher the energy the shorter the wavelength 
and the more clearly we can see, 


All the sources of very-short-wavelength radiation that are 
employed by physicists are based on the simple fact that when an 
electron hits a target it radiates light; the greater the energy of the 
electron the shorter the wavelength, Thus a beam of electrons is the 
source of radiation not only from an X-ray tube, but also from betatrons 
and electron synchrotrons, which use electrons many thousands of 
times as energetic, and emit radiation whose wavelength is correspond- 
ingly many thousands of times shorter, 


However, short-wavelength light is not the only tool ued to 
explore down to nuclear dimensions and below, nor is it eve: ins main 
one, A beam of particles itself can be used, like a beam of Light, to 
probe the atom, the nucleus, and beyond, The astonishing discovery 
of wave-particle dualism means that particles of matter -- electrons, 
protons, and all the rest -- behave in many phenomena exactly like 
light waves. They too have associated with their motion a wavelength 
which decreases as their energy increases. And, as with light, this 
wavelength limits the detail that can be examined with a beam of 
particles, Thus an electron microscope, which uses an electron beam 
instead of a beam of visible light, resolves more detail because it 
utilizes electrons whose wavelength is smaller than that of visible light. 
The resolution increases with the electron energy. Of course a "'look'’ 
with a beam of electrons gives a picture different from that obtained 
with visible light. Beams of high-energy protons furnish sti!l another 
view of our submicroscopic universe, These various aspects are all 
equally valid descriptions but differ in the precise information which 
they give. It is figuratively as if we have photographed our landscape 
with a variety of cameras, one of which films only the houses, another 
the trees, a third the streets, 


The familiar objects around us are unaltered when we turn on 
a light in order to see them, The molecules and the atoms of a cube 
of sugar or a glass of water are not appreciably disturbed by visible 
light. However, if we increase the energy of the light or particle beam 
in order to decrease its wavelength and see to atomic dimensions, then 
the energetic light waves or particles seriously shake up the atoms and 
often break them up into their constituent electrons and nuclei, Beams 
of short enough wavelength to probe a nucleus also have high enough 
energy to split the nucleus apart by knocking out the tightly bound protons 
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and neutrons of which it is made, A detailed observation violently 
disturbs the system that is observed; this is a quite general consequence 
of the laws of quantum mechanics, (the description of the behavior of 
particles on the atomic and subatomic scale), In this way a sufficiently 
high-energy beam of light (particles) striking a proton or neutron or any 
other target particle has two associated consequences. It offers a partial 
view of the target's interior and it frees various new particles which may 
usually exist only within a struck particle, 


Conventional pictures and words are inadequate for the description 
of these subatomic phenomena; it is not sufficient to think of familiar 
analogies on a reduced scale, When a piece of wood is chipped from a 
table we have two new objects, a chipped table and a piece of wood. But 
occasionally some particles may be "torn" from a proton and still leave 
the proton intact. In this sense we may consider the new particle to have 
been "created" in a bigh energy collision. The creation" takes energy, 
for we must still conform to Einstein's familiar relation E=mc“ and supply 
the energy (E) which appears as the mass (m) of the new particle, An 
example of particle creation is the production of an elementary particle 
called the pion or piemeson. When we probe the proton there is abundant 
evidence for such mesons in its structure; even their arrangement is in 
part known. But to "see"! the tiny pion inside the proton requires a beam 
of very short wavelength, and hence high energy. It is a general consequence 
of the laws of quantum mechanics that the energy of the particles in the 
beam must be just high enough to create a pion, using the relation 
E= Mpion’s Thus the same beam which can distinguish the pion inside 
the proton can Liberate (or produce") pions, Separate measurements can 
then be made to determine the properties of these free pions. Moreover 
freshly produced particles like pions can be focussed into secondary beams 
which are themselves used as probes to obtain a view of the submicroscopic 
universe different from, and complementary to, that obtained from the 
primary beams of light-waves, electrons, or protons, 


Thus the main tools of the physicist who explores the subatomic 
uinverse are the beams of high-energy particles which are his light, and 
the various devices to detect these particles which are his eyes. 


High-energy particles exist in cosmic rays, but these are infrequent 
and uncontrolled, Our understanding of the ultimate structure of matter 
and energy depends upon the great particle accelerators, which take low- 
energy electrons and protons and impart to them the enormous energy 
necessary to "'see'' to distances which are to the thickness of a sheet of 
paper as that thickness is to the distance to the moon, The primary beams 
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of electrons and protons are themselves useful probes, as also are the 


secondary high-energy beams of light, neutrons, mesons, etc,, which they 
produce, 































The various kinds of particle accelerators all work in a similar 
way. Electrical energy is imparted to an electron or proton by repeatedly 
kicking the particle, just as the electrons in a wire or a light bulb are 
kicked when the electrical switch is turned on. The total energy given to 
the particle is measured in terms of the necessary voltage difference to 
give an electron this same energy. For a giant accelerator this is some 
billions ef electron volts (abbreviated Bev), The electron or proton may 

be given a few very hard kicks, as in the linear accelerator, or it may 
move in a circle and receive an enormous number of precisely timed small 
kicks, as in the cyclotron and its sophisticated offspring, the Bevatron 

(6 Bev}y and the Cosmotron (3 Bev). The design and construction of these 
accelerators is an enormous engineering feat which both taxes and expands 
our technological abilities, The voltage given to a proton by such 
accelerators equals that from a string of flashlight batteries about a 
million miles long. Equally sophisticated has been the development of 
particle detectors, the eyes of the elementary-particle physicist, These 
range from extra-sensitive photographic film, or specialized counters to 
detect particles of only a certain speed or charge or mass, through cloud 
chambers in which particles leave visible droplets in their paths, (similar 
to the vapor trails behind a jet plane) to similar giant bubble chambers 
already as large and complicated as cyclotrons, Like the building of 
accelerators, the design and use of these devices substantially contributes 
to our technological resources, 


Strange and Simple Particles 


At present about thirty subatomic particles have been discovered. 
Their structure is largely unknown, their interactions are only partly 
explored, their combinations seem to be the basis of all matter, These 
are now the elementary particles whose number may grow or dwindle as 
we explore more deeply, Despite our basic ignorance about them, we 
already know many of their properties and systematic interrelationships. 
The particle masses have been measured, the electric charges they carry, 
the kinds of interactions they have with each other, Many are known to be 
spinning Like tiny tops, 








Almost half of our elementary particles are a form of matter 
known as antimatter, Its existence was predicted by the theory of 
relativity applied to quantum mechanics and has been amply confirmed by 
experiment, Corresponding to every charged particle and almost every 
neutral particle there is a twin identical in some properties, opposite 
in others: the electric charges are opposite, the masses and spins are 
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identical, their interactions with other elementary particles are closely 
related, Whenever a particle and its twin come together they annihilate, 
with total conversion of their mass into rapidly moving lighter particles 
or even eatirely into high-energy light waves. (Again E # me* describes 
the mass-energy balance.) When mixed together, matter and antimatter 
instantaneously yield more than a thousand times as much energy per 
pound as an atomic bomb, Although we can create antimatter in collisions 
of sufficiently high-energy particles, the antiparticles almost immediately 
collide with neighboring particles and annihilate themselves and these > 
new partners, Antimatter apparently cannot be stored on earth, but the 
possibility of its existence raises interesting and unanswered questions. 
Are there regions of our universe normally composed of antimatter just 
as our local surroundings are entirely normal matter? To what extent 
would the laws of physics in such regions be identical to our own? 


We have come to know some peculiar beasts in our soo of the 
elementary particles: 


Neutrinos are emitted by radioactive nuclei whenever they emit 
electrons, Like light waves they have noc mass at all and no charge, but, 
unlike them, almost no interaction with other particles, A beam of 
neutrinos is unaffected even when going directly through the earth itself, 
Our sun, whose energy is produced by nuclear reactions, emits an 
enormous flux of neutrinos. Every second, hundreds of billions of these 
neutrinos pass through each square inch of our bodies, coming from above 
during the day, and from below at night, when the sun is shining on the 
other side of the earth! 


Muons are apparently in every way like electrons except that they 
are 215 times as heavy. A muon is not, however, a stable particle, I 


lives on the average a millionth of a second, after which it decays into 
an electron, a neutrino, and an antineutrino,. 


Pions, or pi-mesons, slightly heavier than muons, have been 
observed to play a vital part in the structure of protons and neutrons, It 
is the continuous exchange of pions between neutrons and protons that binds 
them together into a nucleus, the pions are the main constituent of the 
nuclear glue. But when free, each of the three kinds of pions -- positively 
charged, neutral, and negatively charged -- breaks up into other particles. 
The charged pions decay into muons (themselves unstable) and neutrinos in 
about a hundred millionth of a second. The neutral pion decays into two 
high-energy light waves (photons) in less than a millionth of a billionth of 
@ second. 


Strange particles are a group of eight newly discovered particles 
and their antiparticles, They are really no stranger than pions or protons 
but differ in various properties. They are significantly heavier, so that 
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only giant Bev-accelerators can produce them and begin to illuminate the 
role they play in the structure of othez elementary particles, Therefore 
the detailed exploration of their properties bas just begun. Ali the 
"strange particles" are unstable, and some decay into many different 
groups of particles, For example, the K meson is a strange particle 

more than three times as heavy as a pion. 2B usually decays into a muon 
and a neutrino, but it can also break up in many other ways, BE was the 
observation of different decay modes for this particle that-suggested that 
an important property known as psrity was not conserved ~~ an idea that 
bas proved fruitful in explaining the emission of electrons from radioactive 
nuclei, Thus experiments that awaited the construction of giant bigh- 
energy accelerators have played a vital role in clearing away misunderstand- 
ing in a sixty-year-old branch of low-energy nuclear physics. 


The more familiar protons neutrons, electrons, and ue waves 
(photons) complete the List of the known e own elementary ntary particles, es 
the neutrino, only these four are stable, Even the neutron can . stable 
only inside nuclei, the free neutron decays after an average lifetime of 
18,5 minutes into a proton, an electron, and an antineutrino, Neutrons 
and protons are the familiar building blocks of nuclei, which, together 
with electrons, form the atoms of the hundred different elements. 


Because all other particles are unstable, ''new" particles created 
by high-energy beams are always transient, The new particles quickly 
decay or «~ if they are antiparticles -- annihilate with suitable partners. 
The decay and annihilation products are themselves generally unstable, 
the chain of degeneration of heavy particles into lighter ones proceeds 
rapidly. A residual electron or proton or neutron is always found to be a 
replacement for another such particle, originally present but annihilated 
by an antiparticle. The ultimate net result of the feeding of electrical 
energy into giant accelerators is its final dissipation into neutrinos, light 
(photons), or heat. It is the brief look between these events that, to the 
physicist, is priceless, 


What is to be learned? 

We cannot know what will be discovered from deeper probings of 
the subatomic world, Our only guide is past experience, and here the 
lesson is evident that nature often turns out te be remarkably different 
from any expectation, But enough is understood about our physical 
udverse to suggest specific questions whose answers may emerge from 
further exploration, 


The classification of the elementary particles and their inter- 
actions is more than a mere catalog, Definite patterns have been 
recognized which are suggestive of the familiar ordering of the chemical 
tlements in the periodic table, But the pattern of elementary particles 
is not yet so complete as that of the chemical elements, and there are 
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numerous possibilities for new particles whose discovery would confirm 
those regularities which seem to be present. 


Perhaps the most remarkable property of the elementary particles 
is their large number, The feeling of most physicists is that there are 
far too many for them all to be elementary, E is a situation reminiscent 
of the time when each of dome 100 atoms, the chemical elements, 
apparently merited the label 'elementary."' Then a detailed probing 
within these atoms showed them all to be combinations of protons, neutrons, 
and electrons, and reduced the number of relevant elementary particles 
to three, Whether a detziled look at the structrue of our present 
elementary particles wili disclose a similar simplification is one of the 
profound and critical unanswered questions of the modern physicist, 
Present accelerators produce beams whose energy is on the borderline 
of revealing something of the internal structure of these particles, but 
their energy is still too low to permit such detail to be resolved. Giant 
accelerators whose energies are some tens or perhaps ultimately hundreds 
of Bev would be as welcome as powerful glasses to the near-~blind, 


Despite our ignorance of the answers to the most fundamental 
questions about the elementary particles, there is one area in which our 
understanding seems satisfactory. The electron and the light wave and 
their mutual interaction are a system for which the fusion of quantum 
mechanics, relativity, and the theory of electric and magnetic fields, 
into the new theory of quantum electrodynamics, although certainly 
incomplete, has produced answers in fantastically good agreement with 
experiment. Therefore it has been the model for attempts to build 
theories to describe the other elementary particles and their interactions. 
It remains to be seen whether this single successful thepry remains valid 
when higher energy beams of electrons and light become available. 


Our various laws of physics generally do not remain unaltered 
as we seek to apply them to ever more diverse phenomena, We see them 
rather as approximations accurate and sufficient only in limited domains. 
To preserve the law of conservation of energy, first heat and then matter 
had to be considered forms of energy. The epoch-making Newtonian laws 
of motion are now seen to be valid only for velocities much smaller than 
those of light, For the description of atomic particles conventional 
mechanics is superseded by quantum mechanics, Physicists wonder whether 
relativity and quantum mechanics will continue to be correct descriptions 
of nature as we explore to smaller and smaller distances, Do signals 
always propagate at speeds smaller than that of light no matter how small 
the interval? Does the relation between energy and wavelength hold for 
arbitrarily small wavelengths? Even if we learn that our present laws 


remain valid in this new region, the knowledge that this is true would 
be of enormous significance, 
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It may be that our very ideas of space and time may not be 
adequate for continually deeper exploration of the subatomic world. Is 
there perhaps a smallest distance inherent in space itself? Can ordinary 
Euclidean geometry continue to be applicable to such incredibly small 
lengths? We already know that it is not applicable to enormously large 
ones. Perhaps the answers to such questions may illuminate the long- 
sought connection between inner space and outer space, the submicro- 
scopic and the astronomical universes, 


Pure research, stimulated by curiosity and the satisfaction of 
accomplishment, has given us knowledge and understanding of many of 
the phenomena of our world, The repid exploitation of such discoveries, 
especially in this century, has resulted in our present amazing technology. 
These tangible returns from pure research have been gigantic, From the 
brilliant investigations of nineteenth-century physicists on the nature of 
electric and magnetic fields have developed electric power, electronics, 
radio, television, Examples from the past are countless, Even in recent 
decades we have witnessed enormous application of discoveries merely 
incidental to research in elementary-particle-physics: isotopes, nuclear 
fission and power, medical therapy with high-energy beams, a step toward 
controlled thermonuclear power ~~ a list that continues to grow rapidly. 


The practical results that must derive from continued exploration 
with larger accelerators cannot be guessed, If the past is a guide they 
will be numerous and fantastic, The one thing that we have learned to 
expect from nature is to be surprised, 


eee? 
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Appendix 4 
Comments on the Proposed Stanford Accelerator 
and the 


National Research Program in High-Energy Physics 


T. A. Welton 
Oak Ridge National Laboratory 


I. INTRODUCTION 

Some excellent background material on this subject is presented in 
the report of the panel appointed by the President's advisory committee. 
The following is aimed at fairly specific questions which have arisen, 
or may arise, in connection with the authorization for the Stanford 
machine. Section II contains a summary of the aims of high-energy 
physics, together with general descriptions of the types of equipment re- 
quired to implement these aims. Section III is a discussion of the valid- 
ity of the Stanford research aims. Section IV is a simple statement of 
confidence in the feasibility and the reliability of the cost estimates 
for the machine. Section V attempts to ask and answer some questions as 
to how the Stanford machine will fit into the future high-energy program 
of the country. Section VI is an attempt to tabulate some of the related 


accelerators of the world. 
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II. AIMS AND METHODS OF HIGH-ENERGY PHYSICS 

Modern high-energy research began its evolution about twelve years 
ago out of cosmic ray research. The cosmic ray work had made extensive 
studies of the very energetic particles which constantly impinge on the 
earth's atmosphere from outer space. This work had progressed in 1947 
to the point that the impinging particles were pretty clearly known to 
be largely protons of an energy then unachievable in terrestrial labor- 
atories. It had just been established that these protons continually 
generate, by collision in the extreme upper atmosphere, previously un- 
observed particles, the pi-mesons. The pi-mesons in turn decay to mu- 
mesons, which in some cases reach the earth's surface, and in other 
cases decay, producing tremendous bursts of ionization in the atmosphere 
by a mechanism which had long been clear. 

This most interesting process had resisted complete elucidation be- 
cause one essential step occurs at very high altitudes, so that observa- 
tion is difficult. The pi-meson, which had remained hidden for so many 
years, was in fact the long awaited key to a real understanding of the 
forces which bind nuclei together. Clearly an extensive study of the pi- 
meson by more convenient and precise methods was called for. At this 


point, the 184-inch cyclotron at Berkeley (which had been built for other 


reasons) became the first artificial producer of pi-mesons, and it was 


at this point that modern high-energy physics began. 
With such successes accomplished, physicists had little trouble ob- 


taining support for larger machines of the Berkeley type. These machines 
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have completely justified the hopes of their builders by vastly increasing 
our knowledge and understanding of nuclear phenomena. The time scale of 
this development is impressive, a very large fraction of the pi-meson work 
having been done in the past ten years. 

The great success of the Berkeley work quickly led, not only to more 
machines of that type, but also to the confidence that larger machines of 
a different type should be capable of valuable results. The Brookhaven 
Cosmotron and Berkeley Bevatron were thus conceived, supported and built 
without a really detailed idea of what they were to do. Their work turned 
out to be the elucidation of the properties and role of some new particles 
which had again first appeared in cosmic ray observations as early as 1947. 

As with the pi-mesons, careful study and real understanding had to await a 
machine to produce them with useable intensity under controlled conditions. 
Because of the larger masses of the particles involved (the so-called 
strange particles), the cyclotron which had served for the pi-meson was in- 
adequate. The first definitive work on the strange particles was the fruit 
of the Cosmotron (3 Bev) research program. The Bevatron (6 Bev), with its 
considerably higher energy beam, has allowed mary strange particle studies 
for which the Cosmctron energy is inadequate. In addition, the anti- i 
proton, whose production was the original justification for the Bevatron 
energy chcice, has in fact been produced, as a nice demonstration that 
physicists can occasionally "call their shots". 


The large Russian machine (10 Bev) is on the direct line of evolution 


of the Bevatron and should be capable of extremely valuable work. Its 
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performance has only recently become acceptable and it is still too early 
to guess what its essential contribution will be. 

TLis general family of machines, the proton accelerators, is still de- 
veloping and will shortly give rise to the large Brookhaven and CERN proton 
accelerators (25 - 30 Bev). The motivation with these machines is in part 
to supply encugh energy to be able to produce new particles and study their 
properties. In part they are aimed for efficient study of particles al- 
ready discovered, in an attempt to obtain real understanding of their role 
in nature. 

Although a design study has been made for a very large (50 Bev) 
Russian proton machine, and larger ones have also been seriously studied, 
the urge for higher energies to uncover new particles seems to be less 
strong than it once was. First, no particles kave been discovered that 
were not first seen in cosmic ray work. The apparent exception is the anti- 
proton, which has the honor of being the best predicted particle in the 
catalogue. Second, a very effective classification scheme for the particles 
now exists, which leaves less room for new particles. Third, as the energy 
of impact is increased, the target tends increasingly not to "stand still" 
for the collision. The result is that in increase from 25 to 50 Bev by 
no mears adds 25 Bev to the mass of the particle which can be created, but 
rather more like 3 Bev. The search for high mass particles accordingly 
becomes expensive and technically difficult. 

The Princeton and Argonne accelerators are examples of a new trend, 


namely an emphasis on convenience and precision in the study of particles 
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whose existence and general properties have been previously demonstrated 
(or at any rate rendered plausible). This trend is apparent in the MUJRA 
and Oak Ridge concepts, which emphasize beam intensity much more heavily. 
At the same time that the proton accelerator family was developing, 
an analogous electron family was evolving. The motivation was at first 
vague, but successful circular electron accelerators (betatrons and 


synchrotrons) were on hand to aid the early development of the pi-meson 


work (Illinois, Cornell, M.I.T., and Berkeley). The production of pi- 


mesons by x-ray beams from these machines turned out to be crucial, not 
as a source of pi-mesons, but for the understanding of the particles. 
This pattern has persisted and fully justified the enterprise of the 
designers, who were subject to much criticism from the builders of proton 
machines. The point at issue was the relative weakness of the interac- 
tion between nuclear particles and x-rays. As it turned out, the inter- 
action was at least strong enough to allow careful measurements, and it 
was simple enough to allow reliable interpretation of the results. 
Ancther research pattern was widely suggested, but finally found 
real fruition only at Stanford. This was the use of the electrons as 
probes for the study of the detailed structure of relatively familiar ob- 
jects such as nuclei, protons, neutrons, and electrons. In this applica- 
tion, the electron beam performs the same function as the beam of light 
in a microscope, and the experimental arrangement replaces the lenses of 
the elementary instrument. The net result can be a precise picture of 
the actual arrangement of electric charge in a nucleus, or an elementary 


particle, a truly amazing result by standards of ten years ago. 
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The previously mentioned circular electron machines have sufficient 
energy to yield interesting information on structure, but in fact they 
have not been so applied. The reason is simple and bears strongly on 
the validity of the Stanford proposal. The electron beam in a circular 
machine is difficult to extract for external use, so that only the less 
useful (for this purpose) x-ray beam is in practice available. 

Another difficulty of the circular electron machine is directly 
caused by the necessary bending of the electron path. At the speeds at- 
tained (very close to that of light), the electrons lose energy very rapidly 
by emission of light with the result that circular electron machines be- 


come very difficult above about 5 Bev, and probably prohibitively so above 


10 Bev. 
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III. VALIDITY OF STANFORD AIMS 
The linear accelerator does not bend the electron path, so that the 
radiation is absent. Further, the beam emerges without special provision. 
For these two reasons, the linear accelerator appears to be ideal for the 


investigation of structure. In this connection, it is important to re- 


member that the size of the smallest detail that can be revealed by an 


electron beam decreases rapidly as the energy of the bear increases, Thus 
the extensive work of Hofstadter and his colleagues has been performed 
with the present Stanford linear accelerator at energies up to about 

1/2 Bev. These studies have revealed a reasonable amount of detail on 
the structure of nuclei, with revolutionary effects on our theoretical 
conceptions. Some structure has been seen for the proton and neutron, 
with even more far-reaching results. The end of this work is very def- 
initely not yet in sight, although the present machine is incapable of 
much greater detail. 

An equally intense and well-controlled beam at twenty times the 
energy 10 Rev at which six times the detail can be sesn as at } Rev, for 
protons and neutrons therefore seems certain to first raise, and then answer 
greater detail, which is of great value in checking and inventing more 
complete theories of the nucleus and its constituents, there is a more 
fundamental question of the very meaning of distance in small scale 
phenomena. It may well be that the presently well-established theory 
which accurately describes and largely explains a wealth of complex 


phenomena involving electrically charged particles and light waves, may 
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prove to be inadequate for these high-energy collisions. There is al- 
ready some evidence for this interesting state of affairs, and a clear 
cut demonstration of the breakdown would have far-reaching consequences 
for our conceptions of small scale physics. 

It has further been amply demonstrated that a 10 Bev electron beam 
will serve to generate ample supplies of all the known or anticipated 
strange particles, so that completion of Phase I (10 - 15 Bev) will allow 
support of as varied and productive a research program as the Argonne 
machine, for example. Phase I will not allow production of any possible 
presently unknown particles which are beyond reach of the large Brookhaven 
or CERN proton accelerators. Phase II (~45 Bev) very definitely would 
allow exploration for further particles. Further, if the large proton 
machines should uncover new particles, then the high intensity of Stanford 


Phase II might be vital in consolidating the new field. 
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IV. TECHNICAL PROBLEMS OF THE STANFORD ACCELERATOR 

The writer has no detailed competence in this accelerator type, but 
certain camments are quite easy to make. On the favorable side, consider- 
ing the high claimed performance, the proposal is remarkably free of tech- 
nical difficulties and cost uncertainties. This is the result of the ex- 
tensive experience with the present Stanford machine, which makes possible 
& simple extrapolation to the larger machine. The independent cost 
estimate by William M. Brobeck and Associates is much more detailed than 
any ever before prepared prior to construction authorization. It fails 
to reveal any such gross optimism on the part of the Stanford group as it 
has become customary to expect. There seems to be no reasonable basis to 
doubt that the requested funds will allow completion of the planned mach- 


ine, with highly successful operation. To summarize, the Stanford proposal 


is very much more free of technical problems than has been the case for any 


previous accelerator. 
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V. RELATION TO PRESENT AND FUTURE MACHINES 

It kas been indicated that the Stanford machine will represent a 
very large gain for one very important branch of high-energy physics. 
There are, however, other machires which can contribute in this one 
branch, and cther branches which must be considered. Does the Stanford 
machine seriously overbalance the electron part of the country's high- 
energy program? First, it should be emphasized that the electron 
machines have thus far been under-supported, in view of the proven valid- 
ity of the Stanford research program. Second, as has been stated, the 
Stanford proposal is the only known way to achieve an intense, well- 
controlled electron beam at energies in the range above 10 Bev. Without 
a development program of uncertain magnitude and success, it is the only 
way to achieve such a beam below 10 Bev. 

For these redsons, the aims of the Cambridge Electron Accelerator 
and the Stanford proposal partially overlap only where the x-ray beam is 
to be used. The CEA will probably not be used effectively for structure 
studies, and it therefore does not seem wise to defer initiation of con- 
struction on the Stanford machine until some essentially irrelevant 
studies have been completed on CEA. The energy gap of at least 4 Bev 
between CEA and Stanford Phase I does not in itself appear crucial at 
this time. 

On the negative side, only part of the work of large proton machines 
can be effectively handled by the Stanford machine. The proton machines 
are relatively useless for the study of structure, but they are highly 


competitive for the production of strange particles. It is probably 
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fair to say that a circular proton machine with performance equivalent 


to the Stanford Phase I could be built for one-third the cost of the 


Stanford machine. The relative importance of the structure determination 


work and the strange particle studies has changed, and presumably will 
change, with increasing information. It therefore seems unwise to allow 
the Stanford machine to dominate the high-energy research picture of the 
future. It may be noted at this point that two factors conspire to re- 
duce the effectiveness of the linear electron accelerator for simple 
production of strange particles. First, for a beam with a given current 
of particles, electrons will produce many times fewer interesting 
particles than protons. -Second, the linear accelerator produces its 
particles in very short, intense bursts, which will cause counters to 
fail at a current level which could be handled in longer pulses. This is 
the so-called "duty-factor" difficulty. 

One other point, which is of obvious importance lies in the unique- 
ness of the Stanford facility. Although the writer sees nothing 
incongruous in the proposed operation by a university, still it is clear 
that very rigid precautions must be used to steer a safe course between 
two opposite dangers. The first is that access to the laboratory facil- 
ities should be so rigidly controlled as to discourage participation by 
competent workers in other parts of the country. The other danger is 
that no effective control is exercised over such access, so that poorly 
conceived experiments are able to seriously interfere with the really in- 


portant programs. 
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Present and Planned Accelerators of the World 


It may help in putting the Stanford proposal in its proper 
relation to the rest of high energy physics if we tabulate those 
accelerators most closely related to it by virtue of energy or 
particle type. The status of the machine will be indicated, and 
an attempt will be made to describe the existing or probable 
future research program. 


The unit of beam energy which has been used throughout is 
the Bev (Billion Electron Volts). This unit, commonly used in 
the field of high energy research, is relevant because a proton 
with this soni is moving with a speed close to that of light. 


Such high 8 are essential to produce the phenomena of 
interest. 


In the attached tabulation an arbitrary unit is used to 
express the relative beam intensity of the beams generated by 
the various accelerators. Beam intensity is the number of 
particles produced per unit of time. 

CONTENTS 
Very High Energy Proton Accelerators of the U.S. 


Very High Energy Proton Accelerators of Other 
Countries 


Electron Accelerators of U.S. and Other Countries 
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Dear Mr. Price: 

Enclosed with this letter you will finé 
was asked to supply at the recent hearings on the geology 
where the tumels for the proposed linear accelerator are 


The material is presented to you in a form of report which 


concerning the feasibility of building tunnels an this site. 


T eddition to the conclusions reached by our ovn staff, our 
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Professor 
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the conclusions reached by the five groups of people referred to above. 
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tion, topography, relative construction costs, and natural hazards, the 
proposed site is a feasible location for the planned accelerator. 
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Frank W. Ct 
Frank W. Atchley 
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INTRODUCTION 


The purpose of this report is to assemble the information acquired 
to date concerning the feasibility of the Stanford site for the proposed 
2-mile linear electron accelerator. The report is based on extensive 
review of the literature, photo-geologic interpretation, previous field 
napping, discussion with eminent authorities in the fields of Seismology 


and Earthquake Engineering, and personal experience. 


The evidence assembled to date clearly indicates that the proposed 
site is a feasible location for the construction of the linear accelerator. 
However, further detailed work, including mapping, soil and rock testing, 
subsurface drilling, and bulldozer exploration will be needed in order to 
establish the specific project alignment and foundation conditions for 
engineering design. In addition, in order to establish engineering safety 
factors that are commensurate with reasonable risk, eminent authorities 


in the fields of Seismology, such as Dr. Perry Byerly, University of 


California, and of Earthquake Engineering, such as Dr. George W. Housner, 


California Institute of Technology, will be consulted. 
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SUMMARY AND CONCLUSIONS 


The study of site feasibility for a project such as the proposed linear 


accelerator requires careful consideration of project objectives, geographic 


location, topographic situation, and specific geologic conditions with res- 


pect to possible prohibitive construction costs, and hazards which could im- 


pair the usefulness of the project. Evaluation of these factors leads to 


the following conclusions: 


1. 


The proposed site provides a very favorable geographic location 
close to related research activities at Stanford University and 
available supply, power, and scientific manpower sources. 

The project requirements of tunnel length, tunnel cover, desir- 
able side portal, adequate research working area, and sound 
stable foundations are all provided by the proposed site. The 
project area is on available Stanford land. 

The geology of the site does not offer construction hazards or 
tunneling conditions which would significantly alter conventional 
design practices or tunneling methods, which factors together 
determine construction costs. The site has been examined by the 
Utah Construction Company, Bechtel Corporation, and Kaiser Engi- 
neers, and independently they reached the conclusion that the 
site was a feasible location for the proposed project. 
Earthquakes in the San Francisco Bay Area are a recognized hazard. 
However, overwhelming empirical evidence proves that, although an 
area is hazardous, a minimum of danger exists to properly de- 
signed structures located on or in bedrock foundations. In the 
San Francisco Region there are mountain tunnels, a submarine 


tunnel, numerous skyscrapers, and the Bay Bridges, all of which 
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are earthquake-proof structures. The problem is merely a 
matter of engineering design and selection of best possible 


foundations. 


Earthquake damage to tunnels rarely occurs. When damage does 


occur, it is only to improperly designed, poorly supported 
tunnels, or is in areas of incompetent rock in steep mountain- 
ous terrain. Even then damage occurs only when the tunnel is 
crossed by an active fault or is located in the epicentral area 
of the earthquake. The proposed tunnel will be specifically 
designed to resist earthquakes and will be driven in relatively 
campetent rock in an area of gentle topography. No known active 
faults cross the proposed tunnel site, which is located 4 miles 
from the nearest zone of known epicenters along the San Andreas 
Fault. Therefore, we believe that there is a negligible risk 


involved in building the linear accelerator at the proposed site. 





STANFORD LINEAR ELECTRON ACCELERATOR 


SITE REQUIREMENTS 


The structures required to house the proposed linear accelerator are 
described in Stanford's initial proposal of April, 1957. However, at that 


time the desired site requirements of the proposed structures had not been 


defined, particularly the requirements which would insure optimum operat- 


ing conditions. These requirements are summarized below. It may be said 
that the requirements demand careful geological evaluation, and dictate that 
the site have particular topography. 
l. The principal structures will be two parallel level tunnels, 
10 and 24 feet in diameter and 10,000 feet long. When com- 
pleted, the tunnels will be in 2k-hour continuous use, with 
personnel in the larger tunnel at all times. The continuous 
use, presence of personnel, and type of equipment demand particu- 
larly safe tunnels. There must be suitable tunnel access for 
personnel, equipment, ventilation, etc., and a centrally located 
side portal if at all possible. There must be adequate cover 
over the tunnel to insure safe radiation shielding. 
The accelerator target will be housed in a radiation-proof 
structure which measures 400 feet by 500 feet, with 8-10 foot 
thick walls approximately 100 feet high. This structure should 
have particularly sound, rigid bedrock foundations, if at all 
possible. ' 
Pinpoint target accuracy with deviations of one inch per year 
or five inches over a period of years is desired for operating 
convenience. This requirement does not raise construction prob- 
lems, but does dictate stable foundations for the target building 
and the accelerator tunnel. It should be emphasized, however, 


‘Revised paragraph 2, appears on p, 583 
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that the degree of stability stated above is desirable but not 
critical and that deviation up to five feet can be tolerated. 
There must be adequate working space in the target area for 
present and future experimental purposes. Ideally, the target 


area should be enclosed in an amphitheater valley, with steep 


natural hillsides for horizontal radiation shielding. 


The proposed research requires both a main test building and 

an exterior target area, The test building will measure )00' x 500', 
by 100' high, with floor foundation suitable for supporting heavy 
equipment, The contemplated building will consist of a steel 
framework of sufficient strength to support heavy overhead crane 
loads, and will be covered by asbestos siding or similar material, 
The point loading conditions demand rigid bedrock foundation if 

at all possible, Radiation shielding within the building will be 
provided around individual targets, or more generally if and when 
needed, The exterior target areas need only be reasonably level 


with sound soil or rock foundation, 
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SITE FEASIBILITY FACTORS 


The proposed project site is on available Stanford land which has been 
reserved for this purpose. The site is located only two miles south of 
related research activity at Stanford University, and geographically locat- 
ed where power and supplies, as well as scientific manpower to plan, direct, 


and staff the project are available. 


The topography of the site affords a suitable location for level, 
10,000-foot tunnels with open portals on either end and a centrally located 
side portal. The target area, with nominal excavation, will provide ade- 
quate working space for all future needs and the excavation will insure 
sound bedrock foundation for the target building. The excavation also pro- 
vides hillside radiation shielding. In short, from the point of view of 
location and topography, the proposed site appears ideally suited for the 
project. There yet remains the question of geological feasibility of the 


site. 


Investigation of geological feasibility of tunnel sites may be re- 
solved to specific questions concerning possible prohibitive construction 
costs, and hazards that could impair the usefulness of the tunnel following 
its completion. Satisfactory answers require careful consideration of 
regional and local geology, and knowledge of project objectives, engineer- 


ing design limitations, and construction costs. 


The relative importance of the geological factors which affect the 


ultimate construction costs, including corrective and preventive measures 
for hazards that are known to be present, can vary greatly. For example, 
there is general agreement that with sufficient justification a safe usable 


tumnel can be designed to counteract practically any unfavorable geological 
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situation, from running quicksand and underground rivers to solid granite. 
The problem lies in detecting and defining the hazards that are involved and 


the working conditions which will be encountered during construction. 


Construction Costs 


Tunnel construction costs may vary tremendously, depending on specific 
geologic conditions. It is necessary to assess in dollars and cents the 
significance of rock character and geologic structure with respect to tunnel 
diameter, excavation difficulties, and roof support requirements. It is 
necessary to appraise the portal areas with regard to access, working area, 
muck disposal, storage, and availability of power. Necessary contingencies 
mst be included for unexpected excavation and support difficulties and for 
extra pumping and ventilation in case groundwater, natural gas, or high 


temperatures are encountered. 


In the present case, the project area has been examined by three recog- 
nized engineering construction firms, the Utah Construction Campany, Bechtel 
Corporation, and Kaiser Engineers. For comparative purposes these firms con- 
sidered different project alignments in the same general area and, in each 
case, reached the independent conclusion that the site was a feasible loca- 
tion for the proposed project. The three firms were requested to amplify 
and explain their respective conclusions for permanent record. Their summary 


conclusions are bound as Appendix E. 
Tunnel Hazards 


The major tunnel hazards, other than those which affect the tunnel de- 


tign and construction costs, are limited to phenamena which could render 
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the tunnel unusable after its campletion. 


These hazards are summarized below. The seriousness of any one is a 
question of probability of occurrence, monetary value of interrupted opera- 
tion, and repair costs: 

1. Tunnel collapse or failure due to forces of gravity causing 
swelling or squeezing ground, or downward settlement of broken 
rock. 

Major bedrock slides from causes other than earthquakes. 
Fault displacement across the tunnel. 


Major damage due to earthquakes. 


Tunnel failure due to forces of gravity or bedrock slides is a conse- 
quence of inadequate exploration and/or improper design. These hazards can 
be eliminated. The hazards of fault displacement and major damage from 
earthquakes require more serious consideration and are discussed in later 


sections. 


In the present case, there is the additional possibility of bedrock 


deformation in excess of the desired operating tolerances. However, this 


is more of an operational problem than a hazard which affects the feasibility 


of the site, and it will not be discussed in this report. The possibility 
of such crustal deformation exceeding the allowable tolerance of 5 feet in 


a distance of only 2 miles is extremely remote. 
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NATURE OF EARTHQUAKES 


Earthquakes are caused by movements in the earth's crust. Minor 
earthquakes may be associated with volcanic activity or landslides, but all 
large earthquakes are caused by the movements of blocks of the crust along 
deep-seated fractures called faults. The destructive earthquakes are as- 


sociated with movements along major faults and usually originate at depths 


of 10 to 25 miles below the surface (10)*. 


The generally accepted mechanism of fault earthquakes is defined by 
the "elastic rebound theory" proposed by Reid in 1910 (11)*. According to 
this theory, the crustal blocks on opposite sides of an active fault are in 
continual motion. This movement causes bending or straining of the rocks 
within the blocks. When the accumulated strain exceeds the frictional re- 
sistance along the fault, a failure occurs and the rocks on opposite sides 
of the fault snap back to their original unstrained positions. This snap- 
ping action, and the rubbing due to differential movement of the rocks along 
the fault plane, generate the vibrations that constitute an earthquake. 
Aftershocks originate in the same way except that the strain of the rocks 
is accumulated quickly as a result of the movements along the master fault. 
The point on the surface of a fault plane at which active slipping first 
takes place is called the focus. The point on the surface of the earth 
immediately above the focus is termed the epicenter. These points may be 
determined instrumentally, but it should be realized that the energy release 


and intensity of shaking may be distributed along the entire active seg- 


mnt of the fault. 





"iumbers in parenthesis refer to specific publication list in Appendix F. 
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The magnitude of an earthquake is an instrumentally determined quanti- 
ty which was originally derived by Dr. C. F. Richter to measure the total 
released energy. The intensity of an earthquake varies with location and 
is a measure of the destructive power of the shaking. The various intensity 
scales are based on the arbitrary evaluation of the effects of an earth- 
quake as defined by sensory observation and by the extent of damage to 


structures (10)*. 


The two types of destructive vibrations resulting from earthquakes are 
longitudinal waves (P) and transverse waves (S). The P waves are the faster 
and radiate maximum energy along the plane of the fault. The slower S waves 
radiate maximum energy in a direction perpendicular to the fault plane (10)*, 
The destructive power of the wave motion depends on the amplitude, frequency, 
and duration of the vibrations, with the S waves generally being the most 
destructive. Close to the fault line the P waves may be extremely destruc- 
tive, but their energy decreases rapidly away from the fault. For any 
given wave, the amplitude of ground vibration varies greatly with the type 
surface material that is involved, and may be many times greater in alluviwm 
than in solid bedrock. The intensity of sheking in water saturated alluviwm 
may be 10 or 15 times as great as that in the underlying bedrock (see Ap- 


pendix B). 


Earthquakes may occur in any part of the world but the major destruc- 


tive earthquakes are concentrated in two belts, one along the Mediterranean- 


Himalayan axis, and the other in the mountainous areas bordering the Pacific 


Ocean. The West QGoast of the United States, and particularly California and 


*Numbers in parenthesis refer to specific publication list in Appendix F. 
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Nevada, lie within this latter zone of activity. It has been estimated 
that 244 of the earthquakes in the world and 95% of those in the United 


States (not including Alaska) occur in California and Nevada (2)*. 


At present, there is no way to predict accurately the time of oc- 
currence or the magnitude of future earthquakes. According to Dr. Perry By- 
erly (personal communication, July 7, 1959), there is insufficient evidence 
in the historical record to support the theory of cyclical reoccurrence of 
earthquakes in any given locality. The recent occurrence of a strong 
earthquake in a given area may be evidence that dangerous accumulated strain 
has been released, but it is equal proof that the area affected is one in 
which strain has accumulated in the past and will probably accumulate in 
the future. In like manner, the historical absence of a severe earthquake 
in an area of known seismicity, and along the line of a known active fault, 
may be evidence of a dangerous strain build-up but it may also indicate that 
strain is not accumulating but is being constantly released by gradual fault 
movements. Future progress in seismology and geodesy will probably provide 
the solutions to these uncertainties. At the present time, however, the 
problem of predicting earthquakes, especially as it affects construction 
progress, must rest on the assumption that the future will resemble the past 


and preventive measures must be taken accordingly. 


Types of Earthquake Damage 


Damage during earthquakes may result either from the movements along 


the fault plane or fram the vibrations associated with these movements. 





*‘Numbers in parenthesis refer to specific publication list in Appendix F. 
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According to Dr. C. F. Richter, of the California Institute of Tech- 
nology, throughout the World there are only about 20 instances of proven 
surface rupture of bedrock which can be correlated with known earthquakes 
(10)*. Such ruptures have occurred as features of only the most destruc- 
tive earthquakes and then only along the traces of faults which may be 
recognized as having been active in recent geologic time. In the usual 
case, the actual movement along the fault dies out before the surface is 
reached. In cases when surface rupture does occur, damage will consist of 
rifting and offsetting of roads, fences, pipelines, tunnels, dams and other 
structures which cross the trace of the fault. Such damage is usually 
severe but it is easily avoided by locating structures away fram the traces 


of known active faults. 


The strong vibrations of earthquakes may directly cause damage or 
destruction to structures and equipment, or they may trigger a variety of 
secondary effects which may also eventually result in damage to the works of 
men. The usual secondary effects are landsliding, and in alluvium or filled 
ground, slumping, lurching, and formation of pressure ridges. These latter 
effects are distinct from bedrock rupture. Landslides may occur in areas 
with deep soil cover, weak broken or sheared rocks, steep topography, and 
water saturated material. They are caused by the force of gravity acting 
on an unstable mass and are merely triggered by the earthquake vibrations. 
Landslides may uncover or crush tunnels, block roads and streams, or cover 
buildings. Landslides generally occur in areas where past landsliding has 
left recognizable features. Such areas should be avoided as construction 


sites if at all possibile. 





*Numbers in parenthesis refer to specific publication list in Appendix F. 
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Severe earthquake shaking of deep alluvium or artificial fill, 
especially when these are water saturated, may cause differential settling 
or spontaneous liquification. These phenomena result in the formation of 
cracks, ridges, and depressions, and in the occurrence of slumping and 
earth flow. When large structures must be built on alluvium, expensive 


foundation preparation, such as piling and grouting, is necessary. 


With an earthquake of given character and magnitude, the severity of 
vibration damage to a structure will depend primarily on three factors: 
1) distance from the epicenter or from the active segment of the fault; 
2) type of engineering structure; and 3) the geologic foundation on which 
the structure is built. Within the area of destructive intensity, the 


factor of distance is probably the least critical. 


In general, the resistance to earthquake damage is greatest in well- 
designed structures of reinforced concrete and least in buildings of un- 
supported masonry. Modern earthquake-proof structures are designed to 
resist the horizontal accelerations caused by earth vibration. They often 
incorporate design features to dampen structural vibration frequencies and 
large structures may include provision for differential movement between 


their various sections during severe shaking (10) (8) (3)*. 


From the standpoint of earthquake resistant construction, the best 
possible foundation is sound strong bedrock and the worst is water-saturated 
alluvium, with all gradations being found between these extremes. The in- 


portance of foundation is shown by the many recorded cases of only slight 
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damage to relatively weak frame and masonry buildings built on bedrock 
when, in the same earthquake, stronger structures built on alluvium were 
seriously damaged or destroyed, even when the latter were at a greater dis- 


tance from the fault (10) (8)*. | ‘ 


ui 
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EARTHQUAKES IN THE SAN FRANCISCO BAY REGION 


Many of the major earthquaxes of California occur along a belt of north- 
west trending faults which extends from the Imperial Valley to the Northern 
Coast Ranges. The San Francisco Bay Region is transected by several of these 
major fractures. The Hayward and Calaveras faults extend through the eastern 
part of the Bay Area and the San Andreas Fault runs diagonally across the 
San Francisco peninsula. There may be another large active fault buried 
under the ecdinente of the bay and the Santa Clara Valley. These faults 
extend deep into the crust of the earth and are major structural features 
which are independent of smaller local structures. It has been established 
by observation of offset fences, roads, streams, and ridge lines that the 
movements on these faults is essentially horizontal, with the block on the 
west side of the fault moving northward with respect to the block on the east 
side of the fault. These movements have been confirmed by repeated measure- 
ments by the United States Coast and Geodetic Survey but the exact rate of 
movement, although about 2 inches per year between points 40 to 50 miles 


apart, has not been determined accurately (15) (16)*. 


There is continual seismic activity, most of it very minor, associated 
with the fault systems of the San Francisco Bay Region. The general area is 
recognized by Dr. Byerly (2)* as the seismically most active region in 
California and has been classified by Dr. Richter (12)* as the most hazard- 
ous earthquake area in the United States. This hazard is generally recog- 
nized, and major engineering structures in the Bay Area are designed to 


withstand the effects of strong earthquakes. 


The extent of seismic activity in the Bay Area may be seen by examin- 


ing the plot of epicenters bound in this report as Appendix A. The 
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larger earthquakes are located near the major fault lines, but the minor 
activity is widespread and, in many cases, is not associated with fault 
lines that can be mapped at the surface. This record of epicenters reveals 
that the areas of greatest seismic activity are concentrated east of the 
Bay and in the Santa Clara Valley. The southern part of the San Francisco 


peninsula, within a radius 15 or 20 miles of the proposed tunnel site, was 


remarkably free of epicenters during the resorded period. 


The two most recent major destructive earthquakes in the area occurred 
in 1868 and 1906 and were caused by movement on the Hayward and San Andreas 
Faults respectively. Since 1906 some damage over limited areas has been 
caused by smaller earthquakes such as the 1933 Niles earthquake, and the 
1937 Berkeley earthquake, and the 1957 Daly City earthquake (6)*. Surface 
ruptures were observed only in the two major earthquakes and then only along 
the main fault trace. The 1906 earthquake was by far the most destructive. 
Widespread damage to structures occurred throughout the region, particularly 


at Santa Rosa, San Francisco, Stanfcrd University and San Jose. 


About half of the City of San Francisco was destroyed, but only 20% of 
the destruction was due to the earthquake. The remaining 80% resulted from 
the great fire which followed the earthquake. The subsequent analysis of 
structural damage revealed that most of the buildings which were severely 
damaged were poorly designed, poorly constructed, and built on deep water- 
saturated artificial fill. Buildings on the rocky hills suffered compara- 
tively minor damage. Properly designed structures on alluvium, even when they 


were of masonry constructicn, resisted the earthquake successfully (8) (3)*. 
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A distinctive feature of the 1906 earthquake was a 270-mile surface 
rupture along the trace of the San Andreas Fault, which offset many natural 
and man-made features. The maximum horizontal offset was 21 feet. Two 
vbrick-lined railroad tunnels, which crossed the fault in the Santa Cruz 
Mountains, were offset and partially destroyed. The intensity of the initial 
shock wave near the fault was sufficiently severe to uproot oak trees and 


snap the tops off redwoods (8)*. 


Stanford University is located 44 miles from the San Andreas Fault. 
Most of the buildings were of unsupported masonry construction and were 
built on fairly deep natural alluvium. The one- and two-story buildings 
were scarcely affected, but the arcades and several of the 3- and 4-story 
buildings suffered severe damage. However, in view of the wnfavorable 
cambination of masonry construction and alluvial foundation, it is remark- 
able that the majority of the buildings suffered only minor damage. Analysis 
of the Stanford damage revealed that most of the seriously damaged build- 
ings were inadequately designed and poorly constructed even to the extent 


that inferior mortar had been used (8)*. 


As a result of the 1906 earthquake, engineering designs have been 
developed which result in virtual earthquake-proof construction. Major en- 
gineering works built in the San Francisco Bay Region since 1906 include 
the Broadway and Twin Peaks tumnels, the Oakland-Alameda submarine tunnel, 
numerous tall buildings in San Francisco and Oakland, several tunnels of 
the Hetch-Hetchy aqueduct, and the Golden Gate, Oakland-Bay, and Richmond 


bridges. 
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As stated previously, the accurate prediction of earthquakes is im- 
possible with present knowledge. However, in the San Francisco Bay Region, 


with its history of earthquakes, seismic activity, and measurable crustal 


movement (2) (6) (15)*, it may be stated positively that major earthquakes 


will occur in the future, but that the time of occurrence is indeterminate. 
It may be assumed that the intensities of future earthquakes can be similar 


to, but will not exceed greatly, those of the 1906 earthquake. 


*Numbers in parenthesis refer to specific publication list in Appendix F. 
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EFFECTS OF EARTHQUAKES ON TUNNELS 


Review of the literature thus far has revealed only a few instances 
of earthquake damage to tunnels, principally railroad tunnels affected 
during the 1906 San Francisco earthquake (8)* and the 1952 Kern County 
earthquakes (10)*. A more exhaustive survey of world-wide occurrence of 
earthquake damage to tunnels by C. M. Duke and D. J. Leeds, in an unpub- 
lished report for the second RAND symposium on protective construction, 
described two other cases. These inwolved damage to railroad tunnels in 
Japan during the 1923 Tokyo earthquake and the 1930 Tanna earthquake. In 
all of these cases, the damage occurred to unlined or poorly supported 
tunnels or to reinforced tunnels driven through incompetent broken rock in 
areas of steep topography. In each case either the active fault producing 
the earthquake passed across the tunnel, or the tunnel was located in the 


immediate epicentral area of the earthquake. 


It is significant that there are several reported cases where major 
earthquake damage occurred at the surface, while miners working beneath the 
same area did not even notice the earthquake (3)*. It has been confirmed 
instrumentally that the amplitude or displacement of certain types of earth- 
quake vibrations exhibit a marked decrease in depth. Depending on the 


types of materials involved, the ratio displacements may be as great as 


10, or even 15. 


In this respect, the summary and conclusions in the RAND Symposium 
report are pertinent to the appraisal of tunnel site feasibility. The text 


of the report is bound as Appendix B. 
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TUNNELS IN CALIFORNIA 


A partial list of California water tunnels is bound as Appendix C. 
The list was obtained fram the California State Department of Water Re- 
sources and includes only tumnels over 1,000 feet in length; it shows the 
tunnel name, location, bore, length, and date completed. A similar list 


of highway and railroad tunnels is being campiled. 


There are over 100 major water tunnels in the state, totaling over 
300 miles in length. Many of these tunnels are located in particularly 
hazardous earthquake areas, and have experienced strong earthquake vibra- 
tions. A number of the tunnels cross known active faults. It is signifi- 
cant that there are no known cases of failure in these water tunnels due 


to earthquakes. 


The Los Angeles Metropolitan Water District owns and operates 142 
tunnels totaling 43 miles in length; the Pacific Gas and Electric Company 
owns and ae tunnels totaling 143 miles in length; and the San 
Francisco Metropolitan Water District owns and operates 34 tunnels totaling 
76 miles in length. None of these campanies have ever experienced signifi- 


cant earthquake damage in their tunnels (See Appendix B). 


According to Mr. J. H. Turner, Chief Engineer and General Manager 
(personal communication, July 19, 1959), the San Francisco Water Department 
owns and operates 29 tumnels in the Bay Region, all within 50 miles of San 
Francisco. Many of these tunnels were built in the 1870's and are brick 
lined. These old tunnels went through the 1906 earthquake and suffered no 


damage, despite the fact that several were located only a short distance 


from the San Andreas Fault. 
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GENERAL GEOLOGY 


Regional Geology 


The proposed accelerator site is located in the gently rolling foot- 
hills along the eastern side of the San Francisco peninsula. The surround- 
ing area is characterized by northwest-trending topography which roughly 
reflects the structure and distribution of the underlying rocks. The 
major feature of the region is the San Andreas Rift Zone which lies ap- 
proximately four miles southwest of the project site. This zone extends 
north-northwest diagonally across the San Francisco peninsula. The rocks 
and structures on opposite sides of the San Andreas Fault are distinctly 
different. Since no structures extend across the rift, only the geology 


east of the zone is described in this report. 


The oldest rocks in the region are of Jurrasic age and belong to the 
Franciscan Formation. This formation is a major unit in the Coast Ranges 
and is characterized by camplex structures and diverse rock types. In the 
western part of the area these rocks are at or near the surface and in the 
eastern part of the area are overlain by folded sandstones, shales, lime- 


stones and lavas of Tertiary age. The tunnel will be driven through the 


latter rocks. 


The major structural features in the western part of the area are 
strongly developed branching faults which diverge fram the San Andreas Rift 
Zone and extend southeast across the area. The nearest of these large 
faults passes within 14 miles of the project site. The Tertiary rocks in 
the eastern part of the area are moderately folded and are cut by faults 
vhich also trend northwest to southeast. These latter faults are less well 
developed and less continuous than the parallel faults to the west. The 


area is bounded on the east by the alluvial apron bordering San Francisco Bay. 
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Local Geology 


The site geology was mapped by Stanford graduate students in 1956 under 
the supervision of Prof. B. M. Page. The mapping included earlier work by 


the writer, Frank Atchley. The geologic report is bound as Appendix D. 


The principal rocks in the area consist of relatively weak shales and 
sandstones unconformably overlain by a local sequence of hard resistant 
basalts and weak volcanic agglomerates. These volcanics, in turn, are 
overlain by massive friable sandstones and lenses of hard sandy limestone. 
These rocks are of Tertiary age and, although tilted and folded, are rela- 
tively undeformed. They will provide better tunneling conditions than 
generally found elsewhere in the Coast Ranges, especially in the serpentines 


and deformed rocks of the Franciscan Formation. 


There undoubtedly will be local troublesame sheared zones which are 


concealed, but generally speaking the rocks are sound and campetent. 


The over-all structure in the eastern half of the area is an eroded 
plunging anticline or dome which is locally modified by faulting. Structure 
in the western half of the area is essentially a tilted succession of strata 
dipping generally 35-60 degrees to the south and forming the south limb 
of the anticline. There are at least three discontinuous faults in the 
general area, but only one of these is known to cross the presently pro- 


posed tunnel line. 


The tunnel line passes under the plunging end of the dome through 


more or less horizontal strata and then continues westward, crossing the 


tilted strata at an oblique angle. The principal rocks which will be en- 


countered will be shales and sandstones. 
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APPRAISAL OF PROJECT HAZARDS 


The proposed project will operate on a continuous 24-hour basis and 






there will be personnel at work in the control tunnel at all times. There 


will be expensive delicate equipment and rather heavy machinery located in 





the tunnels and target buildings. Once the accelerator is in operation, an 








interruption would involve large monetary loss. 


The above features require particularly safe tunnels and necessitate 


concrete lining throughout. 





Adequate design measures will insure against the 






possibility of tunnel collapse, or rock slides in the portal areas. Thus, 
the only natural hazard which could interrupt the operation is major earth- 
quake damage. 









Earthquake damage may result from severe shaking or from fault dis- 





placement. Demage could occur to the tunnels, to the appurtenant buildings 








m the surface, or to equipment within these structures. The worst possible 
damage would be direct fault offset across the tunnel, with displacement 


greater than that which could be counteracted by adjusting the accelerator 





mountings. The next greatest hazard would be severe damage fram toppling 









equipment, cracking of tunnel walls, local collapse, or structural damage 


at the surface. 


Regarding the possibility of fault digplacement, it has been shown that 


throughout the world there are only about 20 established cases of surface 







bedrock rupture accompanying an earthquake. Moreover, there have been no 


known instances of bedrock rupture except along the trace of recognized 





major active fault zones. In the Bay Area the only known bedrock ruptures 









have been along the Hayward Fault in the 1868 earthquake and along the 





San Andreas Fault in the 1906 earthquake. This evidence indicates that 
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there is but slight chance of a new fault break ever occurring in any 

given small area, particularly if no active faults cross the area. In the 
project area, mapping has revealed the presence of one fault crossing the 
proposed tunnel line. There is no indication that movements have ever taken 
Place on these faults in historical or geologically recent time. Based 


on this evidence, it appears that the hazard of fault displacement across 


the tunnels is negligible. 


Regarding the possibility of earthquake damage due to severe shaking, 
it has been shown that the danger of damage to properly designed tunnels is 
less than the danger of damage to structures on the surface. This is par- 
ticularly so when the tunnels are not crossed by active faults. The most 
likely hazard would be fram toppling and shifting of machinery and equip- 
ment within the tunnels. This danger can be minimized by the use of proper 
mountings. The danger from rockslides and shifting rock, which could cause 
collapse or cracking of the tunnel walls, is quite small at the proposed 


site because of the presence of competent rock and gentle topography. 


Minimizing the danger of earthquake damage to surface structures is a 
matter of selecting the best possible foundations and then designing accord- 
ingly. The present planned tunnel alignment is such that all critical 
structures are founded on bedrock. For structure design, it is necessary 
to estimate the horizontal acceleration that could result fram an earth- 
quake of expectable magnitude and establish a seismic factor of safety 


that is commensurate with reasonable risk. 





STANFORD LINEAR ELECTRON ACCELERATOR 


APPENDICES 


MAP OF EARTHQUAKE EPICENTERS IN THE SAN FRANCISCO AREA 
EFFECTS OF EARTHQUAKES ON TUNNELS, by D. M. Duke and D. J. Leeds 


LIST OF CALIFORNIA WATER TUNNELS 


ENGINEERING GEOLOGY OF THE PROPOSED SITE OF PROJECT "M", STANFORD, 


CALIFORNIA, by H. C. Langerfeldt and L. W. Vigrass 
ENGINEERING COMPANY SUMMARY REPORTS 

1. Utah Construction Company 

2. Bechtel Corporation 

3. Kaiser Engineers 
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APPENDIX B 
April 1, 1959 
EFFECTS OF EARTHQUAKES ON TUNNELS 
by C. M. Duke and D. J. Leeds* 
(Manuscript draft without illustrations) 
Introduction 
An effort is made here to summarize and generalize the available information 
on earthquake damage to tunnels. Four reasonably well documented cases are pre- 
sented, along with supporting and indirect evidence. The details of the failures 
and of the geology are less complete than is desirable, but the facts available 
appear to warrant several useful generalizations. The original sources cited may 


be consulted by those wishing to study the data in detail. 


Experience in California and Japan 

Central California, 1906. In the San Francisco earthquake of 1906 there were two 
damaged tunnels on the narrow-gage Southern Pacific Railroad between Los Gatos and 
Senta Cruz. The 6200-foot tunnel at Wright Station was crossed by the San Andreas 
fault and the 5700-foot tumnel directly to the south was also damaged, but to a 
somewhat lesser degree. Shaking at the surface over the tunnels was very intense, 
designated 10 on the Rossi-Forel scale. Damage to the tunnels themselves, Table I, 
consisted of the caving in of rock from the roof and sides, the breaking in flexure 
of upright timbers, and the upward heaving of rails and breaking of ties. Both 


tunnels were blocked at a number of points. 


The tunnel at Wright Station suffered a 4.5 foot transverse horizontal offset 


where the fault cut it. See Fig. 1. This same movement wrecked the Morrell house 


which stood above the tunnel and on the fault. Tunnel damage was greatest around 


the offset and at the several locations where parallel fissures were in evidence. 


* Respectively Professor of Engineering and Associate Research Engineer, 
University of California, Los Angeles. 
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The rocks in the Wright tunnel looked like sandstones and jaspers of 


Franciscan age 
Other tunnels on the Santa Cruz-Los Gatos line were undamaged, except for 
two cases of broken timbers. New tunnels under construction on the Bayshore 


line, in southern San Francisco, were uninjured. 


Tokyo Area, Japan, 1923. The great 1923 earthquake damaged about 25 tunnels, 
Table II, in the vicinity of Tokyo, principally on the Igu and Boso peninsulas 
which are the mainland areas closest to the epicenter. The damage is attributed 
to shaking, as no case of faults intersecting the tumnels is known. Most of the 
tumnels were concrete or brick lined, with depth of cover, character of rock, 
length, and other features varying over a rather wide range. Particularly heavy 
tunnel damage occurred in the Odawara-Atami-Hakone region, which suffered the 
highest intensity of shaking. Beyond the isoseismal corresponding to approximately 
50% of houses collapsed, tunnel damage apparently was insignificant. 

Figures 2 through 6 illustrate the destruction in two selected cases. Damage 
varies fram fractured portal masonry through cracked linings to caveins from roof 


and sides. 


Tanna, Japan, 1930. The Tanna Tunnel, connecting Atami and Mishima, was under 
construction during the Izu earthquakes in 1930. The Tanna fault intersected one 
of the drain tunnels which extended ahead of the main tunnel heading, causing 4 
transverse horizontal offset of 7.5 feet at a distance of about two feet beyond 
the main tunnel heading. See Figs. 7 and 8. The only damage to the tunnel was a 
few cracks in the walls. But in the village of Karuizawa, situated on the Tanna 
basin 160 meters above the tunnel, 55% of the dwellings were thrown down, and 40% 
of the houses were destroyed at the nearby villages of Tanna and Hata. Surface 


displacements on the fault occurred over a distance of 15 kilameters. 
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The Tanna basin is a lake deposit of sandy clay and boulders, about 40 


meters deep, overlying andesite and agglomerate through which the tunnel passes 


Kern County, California, 1952. The Kern County earthquake of 1952 severly 
damaged four tunnels, Table III, on the Southern Pacific Railroad near Bealville, 
about 15 miles northwest of Tehachapi. This was the region of largest observed 
ground fractures associated with movement on the White Wolf fault. See Figures 
9 and 10. In all, there were 15 tunnels between Bakersfield and Tehachapi, and 
those outside of but adjacent to the area of ground fractures suffered slightly, 
to the extent of opening of construction joints. The railroad in this area was 
built in about 1876, with timber lining in the tumnels. Reinforced concrete 
lining 12 to 24 inches thick was installed later, without removing the timber. 
Rock around the four damaged tunnels was a fairly easily excavated decomposed 
diorite. 

Tunnel No. 3, originally 700 feet long, was heavily damaged at its Tehachapi 

end, 200 feet of which was daylighted after the quake. See Figs. 11 and 12. 
At one place the buckled rail extended under the concrete wall, indicating that 
the wall had raised sufficiently to permit this. While ground cracks were not 
found directly over No. 3, an active fault crossing the tunnel was found during 
daylighting. 

Large surface cracks, Fig. 13, were found above No. 4, which was badly 
shattered, Fig. 14, and subsequently daylighted for its full length. 

Tunnel No. 5 was very heavily damaged, Fig. 15, but was reconstructed without 
daylighting. Cracks and holes appeared in the ground above, and rock and soil 
from these cracks flowed into the tunnel. 

Broken lining comprised the damage to No. 6, Fig. 16, which was daylighted. 


No substantial surface cracking was noted over this tunnel. 








608 STANFORD LINEAR ELECTRON ACCELERATOR 


These tunnels were in the region of heaviest shaking, Modified Mercalli 
Intensity II, but clearly the extensive damage was primarily due to their 


location in the fault zone. 


Fukui 1948 and Hokkaido 1952. At Kumasaka, north of Kanazu, the portal arches 
of a brick-lined tunnel were partially fractured in the 1948 Fukui earthquake. 
Also in this earthquake, a large concrete culvert was badly cracked at midlength. 

In the 1952 Hokkaido earthquake, minor cracking was induced in the walls of 
one concrete-lined and one brick-lined tunnel. 


Fault movement at the tunnels was not involved in the above cases. 


Related Experience 
Mines and Caves. During the Sonora earthquake of 1887, an engineer was in a 


mine at Tambstone, Arizona. He felt violent shaking and observed small rockfalls, 
but no collapsing, down to several hundred feet of depth. Most stopes were un- 
timbered. Damage on the surface consisted of falling plaster and chimneys, and 
shifting of engines on their foundations. 

In another case, in mines at Butte and Barker, Montana, the 1925 earthquake 
was hardly noticed by those underground but was felt at the surface. 

The August 22, 1952, Kern County aftershock was reported not to have been 
felt by a party in Crystal Cave, Sequoia, but to have been sharply felt by persons 
outside the cave. 

There appears to be a possibility that rock bursts at Widwatersrand, South 
Africa, may be triggered by releases of energy at points in the mine camplex 


away fram the bursts. 


Experience of California Agencies. Correspondence from W. M. Jaekle, Chief 
Engineer, Southern Pacific Company, reveals that, except for the 1906 and the 1952 


cases, no damage or disturbance to Southern Pacific tunnels has been caused by 


earthquakes. 
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The Los Angeles Department of Water and Power operates the Owens Valley 
Aqueduct, which includes 142 tunnels totaling 43 miles in length. The Aqueduct 
was completed in 1911, and no tunnel damage due to earthquakes has occurred. 

The Elizabeth Tunnel, five miles long, crosses 3000 feet of the San Andreas rift 
zone at a depth of up to 1000 feet. It is inspected annually; no earthquake 
damage has been found to date. 

The Pacific Gas and Electric Company has experienced no significant earthquake 
damage to tunnels in its 40 years of experience with 73 tunnels, unlined and concrete 
lined, totaling 119 miles in length. 

The above experiences are significant in view of the fact that California has 
experienced severe earthquakes in 1915 (Imperial Valley), 1925 (Santa Barbara), 
1933 (Long Beach), 1940 (El Centro), 1952 (Kern County), and 1954 (Western Nevada), 


in addition to the great earthquake of 1906. 


Effect of th below Surface. Several Japanese investigators have measured small 


earthquake motion at same depth and simultaneously at the ground surface. Omori 
(1902) was the first to make such measurements. Nasu determined the ratios of 
displacements of 14 earthquakes at the surface above Tanna Tunnel and in the 
tunnel at 160 meters depth to be 4, 2, 1.5, 1.2 for periods 0.3, 1, 2, 5 seconds, 
respectively. The ground was lake deposits at the surface and andesite and 
agglomerate at depth. Saita and Suzuki found that the maximum acceleration at 
the surface of a 68-foot layer of alluvium was three to five times that at its 
base contact with diluvium. Inouye found that short-period waves (ripples) observed 
at the surface were largely absent at a 9-meter depth. 

Carder of the U.S. Coast and Geodetic Survey recorded approximately equal 
amplitudes of microseisms at the surface and at 5000-foot depth in Homestake Mine. 
Microseisms were of four or five second period. In a later study, earthquake 


P-waves of one-second period were recorded at 300-foot depth with twice the 
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amplitude recorded at 5000-foot depth. 

Recently, Kanai has made signal progress in this field. He operated seiamo- 
grephs at depths of 0, 150, 300, 450, and 600 meters in a copper mine in Hitachi 
and recorded a very large number of small earthquakes. The ground is paleozoic 
rock, with some weathering near the surface. The ratio of surface maximum dis- 
placement to that at 300 meters depth was about 6 at the mine and about 10 at a 
school 6 kilometers away on alluvium. Earthquakes whose average period of in- 
coming waves was close to the free period of the surface layer caused these 
maximum ratios, but many earthquakes occurred for which the ratios were as amall 
as one-third of the above. He also found that the period of the short-period 
waves (ripples), found on surface seismograms but not underground, corresponds 
to the predominant period of the surface layer; the ripples daminated the surface 
record when the incoming waves contained components with period equal to that of 
the ripples. These findings support quantitatively the theoretical amplification 
formulas of Sezawa and Kanai. 

Qualitatively, these researches demonstrate experimentally the following 
effects of depth: 

a. At short periods, surface displacements are larger than underground dis- 

placements. 

b. The ratio of surface to underground displacement depends on the type of 

ground. It is greater for alluvium than for weathered rock. It may 
reach a value of at least 10. 
c. For wave periods over one second, the ratio becomes comparatively small, 
approaching unity as the period increases. 
ad. There is a particular average period of incoming waves for which a given 
type of ground will provide a maximum ratio of surface to underground 


displacement. If the average period of incoming waves is not approxi- 


mately equal to this particular period, the ratio will be materially smaller. 





w 
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Generalizations 

1. Severe tunnel damage appears to be inevitable when the tunnel is crossed 
by a fault or fault fissure which slips during the earthquake. 

2. Im tunnels away from fault breaks, severe damage may be done by shaking to 
linings and portals and to the surrounding rock, for tunnels in the epicentral 
region of strong earthquakes, where construction is of marginal quality. 
Substantial reinforced concrete lining has proved superior to plain camcrete, 
masonry, brick, and timber in this regard. 

3. Tunnels outside the epicentral region, and well constructed tunnels in this 
region but away from fault breaks, can be expected to suffer little or no 
damage in strong earthquakes. 

4, While it would seem reasonable that competence of the surrounding rock would 
reduce the likelihood of damage due to shaking, inadequate comparative 
evidence is available on this point. 

5. Within the usual range of destructive earthquake periods, intensity of 


shaking below ground is less severe than on the surface. 
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The following list of California tumsels was obtained from the State Division 


of Water Resources. 


not complete. 


NAME 


Sibralta Reservoir 
Tuneal Reservoir 
Mor.o Crater 


ecolote 


Kerckhow 
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rum Canal No. 1 
Tiger Conduit 
Stanislaus 
Colgate 

Oleum 

Dutch Flat 
Narrows 

Tabeaud 

West Point 
Electra 


Bear River Dem 


Bear River 
Hendricks 


1 


Claremont 
Walnut Creek 
Feather River 


LOCATION 


nr Santa Barbara 
nr Santa Barbara 
nr Levining 

nr Sante Barbara 
Fresno County 
Shasta County 


Fresno County 
Plumas County 
Plumas County 

(2) 
Nevada County 
Amador County 
Tuclumne County 
Yuba County 
Contra Costa 
Placer County 
Nevada County 

(2) 
Amador County 
Amador County 
Butte County 
Plumas County 
Amador County 
Placer County 
in Sierra Mts. (7) 
Madera County 
Butte County 
Lassen County 
Plumas County 
Fresno County 
Contra Costa County 

(2) 
Contra Costa County 


Plumas County 


DATE 


It is a partial list of water tunnels only, and the data is 


It is estimated there are approximately 50 highway and railroad tun- 
nels in existence over 1,000 feet in length. 


LENGTH 


prior 1942 

prior 1942 
1939 
1955 
1920 
1922 
1925 
1944 
1944 
1954 
1924 
1925 
1925 
1927 
1928 
1932 
1939 
1940 
1942 
1943 
1943 
1948 
1948 
1949 
1949 
1950 
1952 
1952 
1953 
1956 
1958 
1958 
1958 
1958 
1939 
1949 
(2) 
(2) 
(2) 
(2) 


BORE 
T' x 9° 
' 29 
12' 
9" 
18° 
16: 
22' 
21' 
a? x a’ 
2l' x 21' 
12' 
7 2.9" 
8 
13.5' 
10' x 14! 
10° x ik! 
9.5' x 10' 
9’ x 10' 
20" x 11° 
an” & iz’ 
an! 2. i 
14* x 14° 
13° = 19° 
13' x 1h! 
23' x 26° 
25° x 25' 
»* 223" 
8.5' x 11' 
7.5' x 8' 
15° x 15° 
okt x 2k’ 
15° x 15° 
a5* 2 15° 
13? x 13’ 
9’ 
10° 

(2) 


6 miles 
4 miles 
59,813 ft. 
33,557 
8,350 
10,000 
20 , 900 
5,837 
23,161 
21,434 
19,000 
9,330 
5,750 
4,960 
3,350 
14, 350 
57,308 
24,674 
2,578 
21,755 
1,056 
2,869 
14, 333 
43,062 
20,903 
34,019 
1,095 
13,2k9 
4,620 
11,038 
32,834 
10,899 
8,710 
32,854 
1, 360 
2,700 

3 miles 
5 miles 
2,500 ft. 
7 miles 
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NAME LOCATION 


Colorado River Aqueduct System 


Colorado River 
Coojan Basin 
Whipple Mt. 7 
Iron Mt. East & West(2) 
Cocks Comb - 
East Eagle System (3) ‘: 
Hayfield No. 1 & 2(2) a 
Cottonwood of 
Mesa Pass and Cochella 

Mt. System (10) " 
Uvalde , 
San Jacinto 


various 


San Diego Aqueduct System 


Rainbow various 
Red Mountain Fe 
Oak Hill . 
Bowry “ 
Five Hill - 
San Vicente P 


Hetch Hetchy Aqueduct System 


Sierra Division various 
(essentially one tunnel 
with short gaps) 

Coast Division 
(essentially one tunnel 
with short gaps) 


Mammoth Pool Aqueduct System 


Florence 
Florence Lake No. 2 
Big Creek 


various 
" 


" 


Mammoth - 
Owens Vaile; ueduct System 
3 tunnels (72) 





rw-aw o-F 


S°8 


4,700 ft. 
3,078 
3,590 
3,180 
5,700 
2,455 


99,264 ft. 


150, 480 


13 miles 

67,634 ft. 
(2) 

3,008 


ELECTRON ACCELERATOR 
DATE BORE 
1939 19' 

1946 6' lined 
1949 " " 
1947 ‘ ” 
1947 " " 
1946 2 Z 
1946 = : 
various 14' x 14! 
2 14? x 14! 
prior 1930 a5* x 15° 
" " 21' 
" " ok: 
‘ . 9! 
(2) 12° 


55,984 ft. 
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ENGINEERING GEOLOGY OF THE 
PROPOSED SITE OF PROJECT "M" 
STANFORD, CALIFORNIA 


SUMMARY AND RECOMMENDATIONS 


In the area proposed as a site for Project "M", Eocene sandstone, 
mudstone and shale dip steeply southwesterly and are bounded to the 
west, south and east by more gently dipping miocene basalt, fragmental 
volcanic rock, limestone, sandstone and minor shale. Several faults, 
showing no evidence of recent movement, cut across this semi-domal 
structure. 


From a geologic viewpoint, the site has no serious engineering 
problems. Indications are that blasting costs will not be excessive. 
Tunnel support will be required, but running ground is not anticipated 
in the tunnel section. Danger of landslides is minimized by the general 
dip of the beds into the slope. Groundwater may be a problem locally 
but no serious flooding problem is expected. 


Since the geologic data presently available is inadequate for a 
report which is in any way complete, it is recommended that an explora- 
tion program designed to test the engineering properties of the rocks 
to be cut or tunnelled be undertaken before construction plans are 
finalized. It is further recommended that the areas selected for use 
as fill material be test drilled prior to final location of the borrow 
pits. 


———— 
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INTRODUCTION AND PURPOSE 


This report covers the geology of an area of the foothills west of 
Stanford University campus which has been tentatively selected as the 
site for the proposed two-mile linear accelerator, referred to as 
Project "M". This report is part of a stuly of the general feasibility 
of the site and its threefold purpose is: (1) to study the geological 
suitability of this area for the project; (2) to aid the engineers in 
estimating the cost of excavations; and (3) to direct attention to 
special problems which may result from geologic conditions at the site. 


LOCATION 


The ares investigated lies in Santa Clara and San Mateo counties 
and has the form of a northwest trending strip, one-half mile wide by 
three miles long. It is approximately bounded to the northeast by 
Junipero Serra Boulevard, to the west by Alpine Road, to the southwest 


by the crest of the easternmost range of hills, and to the east by 
Fremont Avenue. 


PHYSIOGRAPHY 


The area is on the northeastern slope of low foothills of the 
California Coast Ranges which border San Francisco Bay to the west. 
This range of hills in the mapped area reaches maximum elevations of 
about 500 feet along the ridge line bounding the area to the southwest. 
The terrain gradually descends northeasterly to the alluvial plain of 
the San Francisco Bay lowland at elevations of 150 to 200 feet. 


Two streams flowing northeastward to San Francisco Bay provide the 
main drainage. San Francisquito Creek flows in a steep-walled valley 
near the western boundary of the area. Matadero Creek with one import- 
ant tributary meanders across an alluvial plain of low relief in the 
southeastern part of the area. Between these two main drainage-ways, 
intermittent streams have dissected the range into rounded hills. 


Soil cover on the hilltops and slopes probably averages less than 
one foot. Soil and alluvium in the upper portions of the gullies 
probably average three or four feet, thickening downstream to about ten 
feet near the break in slope between the hills and the alluvial flat. 


These hills are generally grass-covered with a few oak trees. 
Some of the steeper ravines are filled with brush. 


REGIONAL CONSIDERATIONS 


The proposed site of Project "M" lies in an area of faulted and 
folded late Mesozoic and Tertiary sediments and volcanic rocks. The 
recently active northwesterly trending San Andreas rift zone lies about 
three miles to the southwest of the site. The Hayward fault, another 
recently active fault zone, parallels the San Andreas approximately 20 
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miles to the northeast of the site. Numerous major and minor faults, 
with which no recent movement has been definitely linked, also occur 
in the area. 


It is apparent that the proposed site is located in a region of 
tectonic instability. However, it is impossible to predict when severe 
earthquakes will occur and whst effect they will have on the proposed 
structure. The tectonic instability of the entire Pacific Coast region 
should be carefully considered in the selection of a site for this pro- 
ject. 


SOURCES OF GEOLOGIC INFORMATION 


Probably less than one percent of the area is outcrop. These 
exposures, generally of the more resistant sandstones, limestones and 
volcanic rock, occur on top of ridges and in creek beds. Shales and 
soft sandstones, which are known to be present from excavations, rarely 
outcrop. 


Rocks of the area are exposed in numerous road cuts and several 
basalt quarries. Several excavations no longer accessible have been 
described by previous writers. 


Information from six holes drilled through the basalt in the 
southern part of the area was utilized in this report. 


Several earlier reports and descriptive notes utilized in this 
work are listed in the bibliography. The map and several cross-sections 
prepared by Atchley and Grose (1954) are incorporated directly in this 
report. 


PRESENTATION CF DATA AND INTERPRETATIONS 


The map accompanying this report shows exposures of different rock 
types by black-and-white symbols. Distribution of various rock wnits 
as interpreted from these observations and from topography is shown by 
color. The lack of outcrops, complicated local structure and scarcity 
of continuous marker beds, make the interpretation of the geology highly 
speculative, especially in rocks older than the Los Trancos volcanics. 
The rock units mapped in the Searsville formation indicate only the 
general characteristics of the rocks and not the exact position of hard 
and sort sandstones and shales. The units selected for mapping in the 
Searsville formation are: (1) relatively hard rocks resistant to 
erosion: mostly hard, well consolidated sandstone but some soft sand- 
stone and shale may be included; (2) rocks of medium hardness: 
dominantiy medium hard sandstone, or interbeds of hard sandstone with 


soft sandstone and shale; and (3) relatively soft rocks with little 
resistance to erosion: soft sandstones a shales. 
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STRATIGRAPHY 
General 


The oldest beds exposed in the area mapped are sandstones and 
mudstones of Eocene (and Paliocene?) age. These are incluied in the 
Searsville formation by Thomas (1949). Overlying these beds with 
angular discordance are sandstones, volcanic rocks and sandy lime- 
stones assigned to the Miocene Los Trancos formation by Thomas. In 
topographically low areas, the Searsville formation and the Los Trancos 
formation are overlapped by unconsolidated gravels, sands and clays 
of the Plio-Pleistocene Santa Clara formation and by Recent alluvium. 
These youngest deposits have no direct bearing on Project "M" and there- 
fore they have not been mapped or described. 


Searsville Formation 


The Searsville formation consists of interbedded sandstones, 
mudstones and shales. In that part of the area traversed by the linear 
accelerator the formation is about 3000 feet thick. It is estimated 
that the ratio of sandstone/mudstone is about 4:3. The sandstones are 
generally feldspathic, thick bedded to massive and medium to coarse 
grained with a kaolin matrix. They vary in their degree of consolid- 
ation from relatively loose, friabie and weak to well-cemented with 
carbonate, hence extremely hard and strong. The argillaceous rocks 
are commonly yellowish buff, massive mudstone, but some grade to gray- 
ish and brownish fissile shales. 


Thickness of the interlayers of sand and argillaceous rocks varies 
from several tens of feet to less than one foot. Although definite 
evidence is lacking, the difficulty of correlating bed for bed over 
short distances and the difficuity in tracing marker beds for any dis- 


tance along strike indicates that lateral variations in lithology within 
the Searsville formation are common. 


Los Trancos Formation 


The Los Trancos formation can be conveniently divided into four 
members from the base upward. Member A: loose to poorly cemented sand; 
Member B: volcanic rock including basaltic flows and fragmental vol- 
canic material; Member C: coarse fragmental sandy limestone; Member D: 
soft friable sandstone with rare mudstone layers. 


Member A (T1A) overlies the Searsville formation with angular 
wiconformity and underlies the Los Trancos volcanics. It is exposed 
only on Alpine Road and along San Francisquito Creek where its thick- 
ness is estimated at 75 to 100 feet. It consists dominantly of loose 
to well-cemented medium grained arkosic sand, but may include some 
coarse bioclastic limestone similar to Member C. It is not known to 
ve present east of the valley of San Francisquito Creek. 
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Member B (T1B) consists dominantly of basaltic volcanic rocks 
which vary in thickness from about 65 feet on Alpine Road to a reported 
600 feet along Page Mill Road (Atchley and Grose, 1954). In the west- 
ern part of the area, the volcanic rock is dominantly aphanitic 
Olivine basalt and vesicular basalt, very strong, hard, and dense 
where unweathered. In the basalt quarries along Page Mill Road, these 
flow rocks (T1Bi) form only slightly more than half of the total thick- 
ness of volcanic rock. Irregularly interlayered with these flows are 
bands of fragmental volcanics (T1Bf) which have been variously des- 
cribed as tuff, breccia and agglomerate, but much of which appears to 
be conglomeratic. Possibly it was deposited as mud flows and land 
slides from the flanks of active volcanic cones and lava tongues. It 
consists dominantly of angular to subrounded fragments of volcanic 
rock, largely basalt, which range in size from less than one inch to 
several inches in diameter. Many of these fragments appear to have 
been weathered prior to induration of the rock mass. The fine matrix 
is not abundant, and although it may be largely altered ash and fine 
volcanic debris, some fine quartz and feldspathic sand is also present. 
This fragmental volcanic rock is structurally weak,and near the surface, 
at least, is badly weathered. 

Member C (TIC) is probably less than 50 feet thick. It consists 
of well-cemented coarse shell fragnents ("Barnacle Beds"), with inter- 
bedded hard calcareous sandstone. It is hard and relatively strong. 


An unknown thickness of soft, buff, fine-grained arkosic sandstone 
with interbedded soft mudstones and shales directly overlying Member C 
exposed east of Page Mill Road is assigned to Member D of the Los 
Trancos formation (T1D). The sandstones of this member are indurated 
but poorly cemented and friable. Although assigned to the Miocene Los 
Trancos formation, it may be Pliocene in age. 


STRUCTURE 


Beds assigned to the Eocene Searsville formation generally strike 
northwest and dip 40 to 70 degrees to the southwest. The central core 
of Eocene rocks is bounded on three sides by the Miocene Los Trancos 
formation which dips away from it at about 10 degrees along the western 
boundary, and at 30 to 45 degrees along the southern and eastern bound- 
aries. 


Faulting complicates this semi-domal structure. A north-south 
trending fault with upthrown side to the east crosses Junipero Serra 
near the Matadero Creek bridge and results in the repetition of the Los 
Trancos volcanics (T1B) and overlying beds. A northwesterly trending 
fault having its upthrown side to the northeast passes between the two 
basalt quarries on Page Mill Road but apparently dies out before enter- 
ing the area of Eocene rocks to the Northwest. A third fault is post- 
ulated passing between San Francisquito Creek and the old basalt quarry 
and trending northeasterly to the junction of Alturas Drive and 
Junipero Serra Boulevard. This last fault is based on these lines of 





























, to 


side 


mate 





Ke 


ern 
md- 


1g 
two 
ter- 
st- 


of 


EE 


STANFORD LINEAR ELECTRON ACCELERATOR 623 


inconclusive evidence: (1) offset of bands of resistant beds as expressed 
by the topography; (2) discordant attitudes of beds of the Searsville 
formation near the trace of the postulated fault; (3) considerable differ- 
ence in the general strike of the beds on opposite sides of the postulated 
fault; and (4) determination of a Paleocene or Early Eocene age for 
foraminiferal shales outcropping near the entrance to the Stanford Golf 
Course whereas foraminiferal shales outcropping on Junipero Serra Boulevard 
1100 feet southeast of Alturas Drive have been determined as Late Eocene 
(E. Dean Milou, personal communication). 


In addition to these three main faults, numerous smaller fauits are 
doubtless present within the area. Where well exposed in excavations, 
mudstones and shales show evidence of much shearing and slippage, which 
however, may have resulted from downhill movement of the rocks or adjust- 


ments along bedding planes as a4 result of folding rather than movement 
along deep-seated faults. 


ENGINEERING PROPERTIES OF THE ROCKS 
Excavation 


Rock breakage. - An attempt has been made on the map and sections 


_ to indicate the amount of blasting required for excavation. It should 


be emphasized that this is intended to serve as only a rough guide of 
hardness of the rock units relative to each other, and experience will 
indicate whether more or less blasting is required. 


In construction of the Stanford Tunnel of the Hetch-Hetchy aqua- 
duct, the mudstone and shales were mucked out with pneumatic spades 
and the sandstones were blasted (Lauenstein, 1951). Hence, it is 
felt that most or all of the mudstones and shales can be removed 
without blasting in both the open cut and tunnel. Probably many of 
the softer sandstones of the Searsville formation can also be re- 
moved with shovels, at least in the open cuts. Many of the hard 
sandstones of the Searsville formation will require blasting. Much 
of the poorly consolidated and fractured fragnmental volcanic rock 
(TIBf) probably need not be blasted. The solid basalt flows (T1B1) 
will be mostly blasting rock, as will the overlying TIC. The soft 
sandstones and shales of T1D should be easily moved with a shovel. 


Tunnel support. - During construction of the Stanford Tunnel of 
relatively small diameter (to accommodate 91 inch pipe), continuous 
installation of supports at four to five foot centers was required 
to combat swelling and flowage of the shales and mudstones of the 
Searsville formation. Similarly, the poorly consolidated fragnental 
volcanics (T1Bf) and the fractured lavas (T1B1) will require at least 
some support during driving of the proposed tunnels. 


Slopes of open-cuts. - Assuming adequate drainage, it is con- 
sidered that permanent 1:1 slopes can be maintained in unweathered 
rock with the possible exception of the loose fragnental volcanic 
Material. With the same exception, most of the other rocks will 
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probably stand up for a short period of time with a slope as steep 
as 4:1. The greatest difficulty in keeping cuts open with these 
side slopes is anticipated where shale beds dip toward rather than 
away from the excavation. 


Landslides 


Shearing and local contortions in mudstones and shales of the 
Searsville formation indicate that they flow easily. Landslides and 
slips on hillsides underlain by rocks similar to the Searsville forma- 
tion is a serious problem where the beds dip in the direction of the 
slope. Fortunately, in the area of the proposed site, the Searsville 
formation has a dominant southwest dip whereas the slopes are mainly 
northeasterly. Good drainage is recommended to minimize the danger 
of slippage along argillaceous strata. 


The soil derived from the Searsville formation is clayey and 
probably highly plastic when wet. It is recommended that this 
material be stripped prior to placing fill, and that it not be 
utilized as fill material. 


Groundwater 


The writers are not aware of good aquifers within the Searsville 
formation, although some of the hard sandstones, if fractured, may 
bear large quantities of water. The jointed basalts and fractured 
fragmental volcanic rocks are known to be excellent aquifers in the 
area and will probably be locally water-bearing where encountered only 
by the proposed line of the accelerator. In the Hetch-Hetchy excava- 
tions, water control measures were required in hard sandstones overlying 
the volcanic rocks, but these beds will probably not be encountered in 
excavations for the accelerator. 


Fill Material 


The large volume of fill needed near the southeast end of the 
accelerator can probably be obtained from the elongated hill about 
one-half mile due south of the intersection of Page Mill Road and 
Junipero Serra Boulevard. Although outcrops are lacking, the hill 
is believed to be composed of soft sandstone and shale of TID. It 
should be test-drilled before definite plans are made to use it for 
fill material. 


The location of adequate fill material for the western portion of 
the project requires further study. 


Conciusions 


Regarding the geologic suitability of the site, it is concluded 
that: 


1. The site is located in the tectonically unstable Pacific 
Coast region and is about three miles from the recently active San 
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Andreas fault zone. The location of the project parallel rather than 
at a high angle to the trend of the San Andreas zone probably reduces 


the chance of offsetting the line of the accelerator during a major 
earthquake. 


2. Several faults cut through the area of the proposed site. 
There is no evidence of recent movement along then. 


3. There is no indication that costs of excavation of rock cuts 
and tunnels will be excessively high. Rock breakage costs should be 
comparatively low. Tunnel support will doubtless be required but there 
are no indications of extremely loose, running ground. Side slopes 
of cuts should stand up well. 


4. Landslide danger along the argillaceous beds is minimized 
by the general dip of the Searsville beds into the slope. 


5. Groundwater may be a problem locally but no serious flooding 
of workings is expected. 


This paper is to be regarded as a preliminary report since the 
available geologic information is far from adequate for a complete 
study of the site. Before construction plans are finalized, a drill- 
ing program should be undertaken to explore the portions of the line 
which are to be cut or tunnelled and engineering tests made on the 
materials which will be encountered. 
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APPENDIX E-1 


ENGINEERS (cs CONTRACTORS 


UTAH CONSTRUCTION COMPANY 


CONE HUNOREO BUSH STREET «+ BAN FRANCISCO 4, CALIFORNIA 


CABLE ADORESS: VTAHCONCO 


July 20, 1959 


Mr. F. V. L. Pindar 

W, W. Hansen Laboratories of Physics 
Stanford University 

Stanford, California 


Dear Sir: 


For several years we have been developing certain information in 
connection with the proposed construction of the Linear Accelerator, 
During this period, through discussions and correspondence, we have 
presented our recommendations on the design and construction of the 
complete facility, These recommendations, in turn, were based on exten- 
sive studies and analyses accomplished by our company, as well as in- 
formation available on the proposed site prepared by others, 


While we understand that construction work on the project will be 
preceded by the normal exploration, geological and related surveys, it 
is our Opinion that the general proposed area will be feasible for con- 


struction and presents no abnormal problems in relation to earthquake 
hazards, 


In that connection we have attached a report prepared by 
Mr, Clark E, McHuron, our Consulting Engineering Geologist, who 
has studied this problem and further expresses our views in this matter, 


We appreciate the opportunity to present this information, 


Very truly yours, 





UTAH 


C. S. Davis 
General Vice President 


CSD:mf 
Attach, 
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CLARK E. McHURON 


CONSULTING ENGINEERING GEOLOGIST 
1826 SBor.anwa ORive 


BELMONT, CALIFORNIA 





TELErPHone LYTELL 1-1086 


July 20, 1959 


aa as . sa 
Utah Construction Comoany 
Cne “Undred bush Street 

tc gr i + 
Da rancisco 4, California 


A 


ect: Stanford TwoeMile Linear Accelerator 


subsequently making an aerial site inspection and stereoscopic 
examination of the aerial photographs, the writer maces the 
followin: statement: 


It is understood that a suitable subsurface investication study 
will be made. Providing the above is satisfactorily comoleted, 
it is the consitered opinion of the writer that final tunnel 
alionments can be located within the general proposed area which 
are entirely feasible for construction and which appear in all 

% " re ee ee a . 7 : 
reasonable probability to be within design and operational 
tolerances as regards possible earth movements, 


Respectfully submitted, 


Alek t Vihar 


Clark E, McHuron 
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ADD" DIV LY 
AD'S of X E-2 


BECHTEL CORPORATION 


ENGINEERS-CONSTRUCTORS 


TWO TWENTY BUSH STREET ‘SAN FRANCISCO 4, CALIFORNIA 


July 17, 1959 


Dr. Edward Ginzton 
Microwave Laboratory 
Stanford University 
Palo Alto, California 


Dear Dr. Ginzton: 


Enclosed is the report of our Chief Consulting Geologist - Roger 


Rhoades - concerning the site geology for the proposed Stanford 
Linear Accelerator. 


Mr. Rhoades is a consultant for major hydro-electric and 

hydraulic studies and engineering with Bechtel Corporation as 

well as other clients in the United States, Australia, Pakistan, 
Canada and the South American countries. Before entering 

private practice, Mr. Rhoades was a geologist for the Tennessee 
Valley Authority and Chief Geologist for the Bureau of Reclamation. 


In transmitting Mr. Rhoades' report, I should like to point out 
that the Hetch Hetchy Aquaduct, supplying water to San Francisco 
and other communities in the Bay Area, was recently constructed 


very close to and generally parallel to the site of the proposed 
accelerator. 


{there are any other questions or problems with which we may 
be of service, please call on us. 


Sincerely, 


oy 
Wad itkinson 


WD/vs 


Enclosure 
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ROGER RHOADES 
CONSULTING GEOLOGIST 


July 17, 1959 
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CALIFORNIA 





CAQLE se00KS 





Sam FRANCISCO 1) CAL IFOmMA 





Mr. B. W. O. Dickinson 
Bechtel Corporation 

220 Bush Street 

San Francisco, California 
















Dickinson: 





Dear Mr. 





I have again reviewed the available geologic data, maps, cross 
sections, and report relevant to the seismic potential of the area in which 
it is proposed to erect the Stanford accelerator. 











A tunnel or equivalent cut-and-cover system some two miles in 
length is proposed, This line is crossed by two faults and possibly by a third, 
There may also be other zones of shear or fault-like displacements of smaller 
magnitude which cannot be discerned on the ground surface, These are all old 
faults without any evidence of movement in the historic times. I consider them 
to be inactive faults, and that the chances of their resuming activity are neg- 

ligible. For this reason, I can foresee no danger that the structure would be 

physically broken or offset, or its alignment distorted. 






















The San Andreas fault zone lies a few miles to the west. Stanford 
University has experienced earthquake vibrations emanating from this fault 
zone, notably in 1906, The accelerator installation in question would probably 
experience similar effects from time to time but probably not frequently. 











I wish to make it clear that I am talking of two different things. 
First, the faults which actually cross the line of the proposed tunnel or cut- 
and-cover structure are old and inactive, and would not, in my opinion, 
jeopardize the structure. Second, a known active fault lies a few miles to 
the west of this area, and from it there will emanate earthquake effects in 
the future as in the past. 









Thes: 
now: 
Prog) 
unde; 











Naturally, the design and construction of the structure would in- 
corporate the usual features for earthquake resistance; but this is standard 
engineering practice in regions where earthquakes are expectable. 


Sengeety alt 
Cope WN kdeacde $s 


Roger Rhoades 
Consulting Geologist 
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KAISER ENGINEERS 


DIVISION OF HENRY J. KAISER COMPANY 
KAISER BUILDING - 

















OAKLAND 12, CALIFORNIA 


eoM 





Dr. F. Ve Le Pindar 
Associate Director 
Hansen Laboratories of Physics 
Stanford University 

Palo Alto, California 


Dear Dr. Pindar: 






In reply to your inquiry with respect to the feasibility of tunneling in 
the proposed location for the Stanford Linear Accelerator, the following 
is the comment of our geologist, Mre D. J. Frost. 


Based upon a field reconnaissance of the proposed site and adjacent area, 





























lier | it is his opinion thats 
| old 
them 1. The proposed tunnels will pass through and be constructed 
Pg in rocks which will afford better general tunnel driving 
be conditions than are average for the general Central Coast 
Range area of California. 
ord The two minor fault fracture areas which cross the tunnel 
it site are thrust type, are of probable Pleistocene age, and 
pably are now inactive. Since they are unrelated to the San 
Andreas System complex, no significant movement is expected 
along these fracture zones. 
vate Barring general catastrophic wide spread West Coast earth 
movements, the long range physical stability of the con- 
2 structed tunnels would be expected. 
- These opinions are based on an inspection of the surface, and on general 
mowledge and experience in this area. We recommend, of course, that a 
Program of investigation of the proposed site by core drilling be 
in- undertaken 
lard ‘ 


Very truly yours, 










KAISER ENGINEERS 
Division of Henry J. Kaiser Company 


David F. Shaw 
Vice President 


MA‘3ER 
SNGINEERS 
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APPENDIX F 
SELECTED REFERENCES 


The following references were extensively consulted during the 
preparation of this report. Many other sources have been examined, and 
@ complete bibliography is being compiled. However, publications 
listed are those which are most pertinent to the present investigation. 


1. Brenner, J. G.; Newsome, J. F.; Arnold, R. Geology of the Santa 


Cruz Quadrangle, California. Folio 163, U. S. Geol. Survey (1909). 
Byerly, Perry. Seismology. Prentice Hall, New York (1942). 


Freeman, J. R. Earthquake Damage and Earthqueke Insurance. McGraw 
Hill, New York (1932). (An extensive compilation of data on 
earthquake effects.) 


Gilbert, G. K. et al. San Francisco Earthquake and Fire of 
April 18, 1906. Bull. 324, U. S. Geol. Survey (1907). 


Gutenberg, B. and Richter, C. F. Seismicity of the Earth. Princeton 
University Press, Princeton, N. J. Rev. Ed. (1954). 


Jenkins, 0. P. Geologic Guidebook of the San Francisco Bay Counties. 


Bull. 154, California Division of Mines (1951). (Contains a review 


of regional geology and an article by Dr. Byerly on the earthquake 
history of the area.) 


Krynine, D. P. and Judd, W. R. Principles of Engineering Geology. 
McGraw Hill, New York (1957). 


Lawson, A. C., ed. The California Earthquake of April 18, 1906. 
Pub. 87, Vol. 1, Carnegie Institute, Washington, D. C. (1908). 
(Exhaustive description of earthquake effects in the San Francisco 
Area. ) 


Manning, John. Groundwater and Hydrology of the Palo Alto Foothills. 
Unpublished report, City of Palo Alto Water Dept. (1959). 
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Appendix 7 


WILLIAM M. BROBECK & ASSOCIATES 
Engineering Research-Design-Development 


July 21, 1959 
1920 Park Blvd. 
Oakland 6, California 
Glencourt 2-0876 


Joint Committee on Atomic Energy 
Room F-88, Capitol Building 

U. S. Senate Post Office 
Washington 25, D. C. 


Dear Sir: 


I am enclosing an excerpt from our report "Review of the 
Stanford Proposal for a Two-Mile Linear Accelerator" 
Appendix VII, pages 2, 3 and 4, which provides the itemized 
costs of operation of the accelerator as planned at the time 
of our report. 


In reply to the request for the annual power cost for the 
accelerator as now planned, I am enclosing a separate 
statement. 

In reply to the request for the change in construction cost 
due to a change from 480 to 240 Klystrons, we estimate a 
reduction of $3,700,000 before contingency and escalation. 


I am also enclosing the copy of my remarks at the hearing 
approved with minor corrections. 


Very truly yours, 


William M. Brobeck 
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Basis 


accelerator, June 1958, with the following considerations: 
i. 


2. 


PAGE 1 
pate 7/22/59 


SUMMARY OF POWER COST ESTIMATE 
FOR OPERATION OF STANFORD TWO-MILE ACCELERATOR 
AS PLANNED JULY 1959 


This summary is prepared from the Brobeck Review of the Stanford 


The number of Klystrons is reduced from 480 to 240. 


Klystron DC power input is based on an average of 240 pulses per second 
and a peak RF pulse power of 6 mw per Klystron. This average to apply 
to 24 hour per day 365 day per year operation. This is the average oper- 
ating level specified by Stanford as now being planned. 


A reduction in Klystron heating power has been made as a result of tube 
development during the last year. 


Klystron focusing power has been eliminated through the use of permanent 
magnet focusing. 


The power requirement of the Klystron factory has been eliminated, as 
it is now assumed that Klystrons will be purchased. Power require- 
ments of other buildings are based on the buildings described in the 
1958 Review. 


Power requirements for pumps, fans, air conditioning, controls, 
refrigeration handling equipment, magnets and other miscellaneous 
equipment are taken from the 1958 Review. This design is not nec- 
essarily suited to the present number of Klystrons and present 
operating conditions. 





Power rates are obtained from Pacific Gas and Electric Company 
Schedule A-13, which is the current applicable schedule. 


All loads are assumed 90% power factor. 


No provision is made for the power requirements of additional experi- 
mental equipment not part of the initial construction project. 


To limit the power demand the accelerator will not be operated at over 
8000 kva power input to the Klystron rectifiers except at nights and on 
Sundays and holidays. 
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a, 


AVERAGE POWER ESTIMATE 
BASED ON TABLE OF APPENDIX ll, P. 13, 1958 REVIEW 


Billing 
Connected Demand Use Factor Average 
Load KVA KVA Load KVA 
Klystron Rectifiers 23,200 8,000 3, 900 
Other tunnel loads 5,500 4, 450 3, 200 


Tunnel total 28,700 12,450 7,100 


Beam Switchyard 2,000 . 1,800 
End Station 3, 300 ‘ 1,650 
Prototype 2,250 " 1,125 
Admin., Shops, etc. 2,270 : 1,135 
Air Conditioning 1,000 . 500 


Pumps & Fans 2,750 ; 2,200 


Compressors & Refrig. 4,120 ° 3, 320 


30, 140 kva 18, 830 kva 


Kilowatta at .9 PF 44, 600 kw 27,100 kw 16,950 kw 





Annual cost as per PG&E Schedule A-13 - $1,370,000 
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Excerpts from Appendix VII, "Recurring Costs", 
in "Review of the Stanford Proposal for a Two-Mile Linear Accelerator", 


by William M. Brobeck & Associates, dated June 1958 


Section A - Operating Costs 


Klystron Factory 


Engineers & Draftsmen 
Technicians 

Machinists & Brazers 
Electro-Platers & Speci: 


Subtotal 
Material 


Total 


Accelerator Operations & Maintenance 


Accelerator Operators 
Machinists & Brazers 
Accelerator Technicians 
Electronic Technicians 
Maintenance & Crafts 
Engineers & Draftsmen 


Subtotal 
Power 


Other Material 


Total 


* Shown in thousands 








43633 O—59——4l1 
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Excerpts from Appendix VII, 


x PAGE 2o0f 3 
"Recurring Costs" (cont'd) 


DATE 7/22/59 


Research 


Senior Scientist 
Junior Scientist 
Staff Scientist 
Graduate Student 
Engineers 
Accelerator Operators 
Draftsemen 
Electronics Technician 
Laboratory Technician 
Mechanical Designer 
Nurse 
Photographer 
Radiological Technician 
Machinist & Brazer 
Laborers 
Other Crafts 

Subtotal 
Power 
Material 

Total 





Administrative & General Service 


Adm. Assistants & Section Heads 266 
Secretaries, Clerks, Helpers 640 
Maintenance 275 

Subtotal, Labor $ T, TST 
Janitor & Plant Security (Service contracts) 165 
OASI Tax & Comp. Insurance 146 
Group Life Insurance & Retirement 175 
Plant Maintenance Contracts 250 
Communications 60 
Travel 30 
Misc. Utilities, Mat'l & Other Costs 400 

Total $ 2,407 


University Allotment $ 250 


Equipment not related to Construction $ 1,200 


Total Operating Costs $13,020 
SSS 


* Shown in thousands 
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Excerots from Appendix VII, 


PAGE 3 of 3 


Recurring Costs (cont'd) . 
. , DATE 7/22/5 


Section B - Recurring Plant & Equiprrent Cost 


General Plant 


Machine Improvements 2,000 x 1/4 
Plant Improvements - General 


Subtotal 
Line Items 
Large Magnetic Spectrometer 
Bubble Chamber or Equivalent 2,000 x 1/2 


Additional Obser vation House 1,500 x i/4 
Shielding Changes 3,000 x 1/4 





Total Recurring Costs 
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Appendix 8 


RAYTHEON MANUFACTURING COMPANY 
Research Division 
Waltham 54, Massachusetts 


July 15, 1959 


Messrs. Melvin Price and 

Chet Holifield 

Joint Committee on Atomic Energy 
U. S. Capitol, Washington, D. C. 


Gentlemen: 


For your consideration of the Linear Accelerator proposed to 
be constructed at Stanford University, I would like to add to the 
record the fact that my analysis of this proposal was favorable 
when I, as Director of the Research Division of the U.S.A.E.C., 
first received it in 1956. Now, as a private citizen I still 
believe it would be in the country's best interests for this pro- 
ject to be funded by the Federal Government. 


Some of the points brought out in my analysis of the project 
are the following: 


1. The proposed accelerator has been proven technically 
feasible and the cost estimates can be relied on as being 
reasonably firm. 


2. The accelerator would open up to experiment an important 
new area in the science of high energy physics and investigations 


which could be carried out with it would supplement those with 
other accelerators of the world, giving additional meaning to the 
results achieved in the whole program. 


3. Its construction at Stanford University, with the proposed 
agreements for use by other qualified scientists, would guarantee 
its design and use by those with the best qualifications. 


4. No other source of funds in the required amount can be 
expected to become available. 

5. The project can be expected to add measurably to American 
prestige in science and as a by-product to increase our capability 
in the militarily important technology of microwave generation. 


I consider it unfortunate that the project has been delayed s0 
long for consideration by various scientific advisory groups and 
for the resolution of other matters affecting the support of scien- 
tific activities by the Government. It is indeed gratifying that 
the project is now before your subcommittee for final action, and I 
hope that it will be possible to go ahead with it without further 
loss of irretrievable time. 

Sincerely yours, 


T. H. Johnson 


Vice President 
THJ:prb 
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h Energy Physics Laboratory 


The Honorable Melvin Price, Chairman 
Subcommittee on Research and Development 
Joint Committee on Atomic Energy 
Congress of the United States 
Washington, D. C. 


Dear Sir: 





proposed two-mile linear electron accelerator on July 14 
15, we were requested to provide for the record an 

up-to-date estimate of the annual power costs for the 

accelerator and its associated research facilities. 





be 139,000,000 kilowatt-hours. Based upon a rate of 
9.294 mills per kilowatt hour, the total annual power 
cost will be $1,300,000. This amount is included in the 
estimated $15,000,000 total annual operating budget. 





appended. Please let us know if further details are 
desired or if there are additional questions which we 
be able to clarify. 
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W. W. Hansen Laboratories of Physics 
STANFORD UNIVERSITY 
Stanford, California 







Microwave Laboratory July 22, 1959 


DAvenport 2? -2441 
























During the hearings before your Committee on the 




















We estimate that the annual power consumption will 



















A detailed breakdown of our power estimates is 











Respectfully, 


al 


E. L. Ginzton, Director 

Microwave Laboratory 

W. W. Hansen Laboratories of Physics 
Stanford University 























Mr. James T. Ramey 
Executive Director 
Joint Committee on Atomic Energy 
Congress of the United States 
Washington, D. C. 
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Jul. 20, 


ANNUAL POWER COST ESTIMATES 


Proposed Two Mile Linear Electron Accelerator 


Connected Billing Load Average 
Load Load (KVA) Demand (KVA) Factor Load (KVA) 
Klystron power 23, 200 8000 (2) .488 3900 (1) 
supplies 


Klystron 600 300 -90 270 
auxilaries 


Klystron focusing (3) 


Deflection system 
Booster pumps 
Controls 

Vacuum gauges 


High vacuum 
pumps 


Klystron tunnel 500 
lights 


39 Auxiliary 200 
power 


Klystron heaters (4) 75 

Water pumps 300 

Accel. water heater 

Roughing pumps 6 

Monorail 10 

Accel. Tunnel 120 -O1 


11201 KVA Total 6697 KVA 
tunnel requirements 
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Jul. 20, 1959 


Connected Billing Load Average 
Load Load (KVA) Demand (KVA) Factor Load (xvA) 

Beam switchyard 3650 1800 1.00 1800 
End station 3900 3300 .60 1980 
Prototype 2250 2250 .60 1350 
Adm. - shops, etc. 2270(5) 2270 -50 1135 
Air Conditioning 1000 1000 .60 600 
Pumps and fans 3690 2750 .60 1650 


Compressors and 4120 4120 -60 2k72 
Refrig. DOSSS T7495 


Total 50,680 KVA 28,691 (KVA) -616 17,684 KVA 
(45,612 Kw)(6) (25,822 Kw) (15,916 Kw) 


Calculated rate: (From schedule A-13, Pacific Gas & 9.294 mills 
Electric Co., San Francisco, Calif.) kw hr. 


Total Annual cost: 15,916 x 8760 x .009294 = $1,295,808 

(I) Based upon operation on the average at 11 Bev (half maximum energy) 
and 240 pulses per second average repetition rate. 

(2) Klystron power supplies will be limited to this level except during 
off-peak hours (1i.e., higher demand will be permitted from 10:30 p.m. 
to 6:30 a.m. ana holidays). 

(3) It is assumed that permanent magnet focusing is used. 

Klystron heaters require 400 watts maximum, 250 watts expected. 
Reduced 900 KVA to allow for elimination of klystron factory. 


A power factor of 0.9 has been used throughout. 
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APPENDIX 10 
CORRESPONDENCE ON ORGANIZATIONAL AND ADMINISTRATIVE POLICIES 


AveustT 10, 1959. 
Mr. Joun A. McCongE, 


Chairman, U.S. Atomic Energy Commission, 
Washington, D.C. 


Dear Mr. McCone: In reviewing the transcript of the open hearing on the 
Stanford linear accelerator, the Commission's testimony was somewhat vague 
as to whether or not the AEC would approve in advance the basic organizational 
and administrative policies for the use of the accelerator. 

In view of the Government’s proposed investment of more than $100 million 
in the facility and of $15 million annually in operations, it would appear nec- 
essary and desirable that ABC must have the right to approve the basic organ- 
izational and administrative policies for the use of the accelerator as a national 
project. 

I would like to have some assurance on this matter at the time the Joint 
Committee meets on the authorization of this project. 

Sincerely yours, 
CLINTON P. ANDERSON, Chairman. 


U.S. Atomic Enercy CoMMISSION, 


Washington, D.C., August 17, 1959. 
Hon. CLINTON P. ANDERSON, 


Chairman, Joint Committee on Atomic Energy, 
Congress of the United States. 


Dear Senator ANDERSON: This is in reply to your letter of August 10, 1959, 
concerning Commission approval of the basic policies for the use of the Stanford 
linear accelerator. 

I can give you every assurance that the Commission will have the right to 
approve in advance the basic organizational and administrative policies gov- 
erning the use of this national facility. This right of approval will be incor- 


porated in the basic contract agreement between the U.S. Atomic Energy Com- 
mission and Stanford University. 


Sincerely yours, 
JOHN A. McCone, Chairman, 


APPENDIX 11 


CORRESPONDENCE ON POWER REQUIREMENTS 


Hon. Frep A. SEATON, 


Secretary of the Interior, Department of the Interior, 
Washington, D.C. 


Deak Mrz. Secretary: You are doubtless aware of a pending proposal of the 
Atomic Energy Commission for authorization of a linear electron accelerator at 
Stanford University at Palo Alto, Calif. The initial power requirements for this 
installation would be 60,000 kilowatts and ultimately might go as high as 240,000 
kilowatts. 

It occurs to me that the power requirements of a publicly owned installation 
of this character and the cost of the service have a direct bearing on considera- 
tions in connection with the proposed power intertie between the Bonneville 
(Pacific Northwest) and California systems. 

Therefore, I am bringing this subject to your attention for relaying to the 
Bonneville Power Administrator in connection with the review of the proposed 
intertie on which a report is to be made to the Committee on Interior and I 
sular Affairs by December 30, 1959. 

I am also bringing the matter to the attention of the Governors of California, 
Oregon, and Washington, Mr. Owen Hurd, of Kennewick, Wash., chairman of the 
Pacific Coast Power Coordinating Committee, and Mr. James K. Carr, of the 
Sacramento Municipal Utility District, Sacramento, Calif. 

Sincerely, 


JULY 23, 1959. 


CLINTON P. ANDERSON, 
Chairman, Subcommittee on Irrigation and Reclamation. 
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U.S. DEPARTMENT OF THE INTERIOR, 
OFFICE OF THE SECRETARY, 
Washington, D.C., July 29, 1959. 
Hon. CLINTON P. ANDERSON, 
U.S. Senate, Washington, D.C. 


DEAR SENATOR ANDERSON: This is in reply to your letter of July 23 regarding 
the power requirements for a proposed linear electron accelerator at Stanford 
University at Palo Alto, Calif. 

In accordance with your request, a copy of your letter will be sent to Bonne- 
ville Power Administration in connection with a review of the proposed Cali- 
fornia intertie on which a report is to be made to the Committee on Interior and 
Insular Affairs by December 30, 1959. 

Sincerely yours, 
FreD S. AANDAHL, 
Secretary of the Interior. 


JULY 30, 1959. 
Gen. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


DEAR GENERAL LUEDECKE: Mr. McCone’s July 27, 1959, letter to Senator Ander- 
son on the subject of electrical energy cost estimates for the proposed Stanford 
accelerator refers to the most recent Stanford computations of such costs. 

The most recent Stanford estimate that we have is dated July 20, 1959. It is 
based on operation at an average electron energy of 11 Bev., an estimated annual 
energy consumption of 139 million kilowatt-hours and an energy rate schedule 
of 9.294 mills per kilowatt-hour, resulting in a total annual energy cost estimate 
of $1,300,000. 

We would appreciate receiving the comparable annual energy cost estimate 
for the accelerator modified to accelerate electrons to a maximum of 45 Bev. 

Sincerely yours, 
JAMES T. RAMEY, Executive Director. 


U. S. Atomic ENERGY COMMISSION, 
Washington, D.C., August 10, 1959. 
Mr. JAMES T. RAMEY, 
Ezecutive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 

Dear Mr. Ramey: This is in reply to your letter of July 30, 1959, concerning 
the estimated annual power costs for the Stanford accelerator should it be 
modified to accelerate electrons to a maximum energy of 45 Bev. 

Stanford personnel have estimated that a machine capable of operating at 
a maximum energy of 45 Bev. would operate at an average energy of 22 Bev. 
with an annual power consumption of 280 million kilowatt-hours. Using the 
Pacific Gas & Electric Co. standard rate schedule of 9.294 mills per kilowatt-hour, 
the annual power cost would be approximately $2,600,000. There are indica- 
tion that the cost per kilowatt-hour can be reduced by negotiations at a later 
date, when more definitive information regarding the project power demand is 
available. 

It should be noted that the Commission intends to submit to the Joint Com- 
mittee on Atomic Energy for separate authorization any project that increases 
the number of klystrons beyond the present 240 in order to increase the energy 
of this macihne. 

If we can be of any further assistance, please let us know. 

Sincerely yours, 
—_—_—_ ——_——_, General Manager. 
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APPENDIX 12 


Sutro TUNNEL INVESTIGATION 


U.S. ATOMIC ENERGY COMMISSION, 
Washington, D.C., July 31, 1959. 


Mr. JAMES T. RAMEY, 
Ezrecutive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 

Dear Mr. RAMEY: In connection with the recent Stanford accelerator hear- 
ings the Commission was asked to explore the possibility of using the Sutro 
tunnel near Virginia City, Nev., as a substitute for the tunnel proposed for 
construction at Stanford University. 

An onsite investigation of the Sutro tunnel made by Commission engineers 
indicates the tunnel width varies from 8 to 13 feet, and the height varies from 
9 to 10 feet. To serve the accelerator project the tunnel would have to be en- 
larged and lined in order to house the klystrons, and a second tunnel would 
have to be constructed to house the accelerator tube. 

The surrounding terrain is such that the floor of the target building would be 
approximately 89 feet above the present grade, necessitating a vast amount of 
fill for the building complex and experimental area. Additional cost factors 
over the Stanford estimate include isolation pay for labor, provision for family 
housing within a reasonable commuting distance, development of an adequate 
water supply and provision for sufficient electric power. With respect to this 
last item, the Sierra Pacific Power Co. would require an AEC guarantee against 
company loss on a new 50,000 kilowatt powerplant, transmission lines and trans- 
former, altogether costing more than $10 million. 

In addition to the above, the 10-foot tunnel for the accelerator tube must be 
absolutely level. Since the Sutro tunnel, which would house the klystrons, has 
an appreciable grade,’ the power losses occasioned by the additional length 
of the connecting wave guide would be substantial. 

Under the circumstances the Sutro tunnel should not be considered as a suit- 
able site for the location of the Stanford linear accelerator. 

Sincerely yours, 
JoHN H. WILLIAMS, 
Director, Division of Research. 


U.S. ATOMIC ENERGY COMMISSION, 
Washington, D.C., August 6, 1959. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 


Dear Mr. Ramey: This is in reference to my letter to you dated July 31, 1959, 
concerning use of the Sutro tunnel near Virginia City, Nev., as a substitute 
for the one proposed in connection with the Stanford accelerator project. 

In that letter we stated that the Sutro tunnel had an appreciable grade. The 
actual grade is 0.245 percent, which at first glance appears slight. However, over 
the 10,000-foot total distance of the tunnel this would amount to 24.5 feet. 
The total grade change for use of this project is therefore appreciable, but we 
suggest that the letter be modified to indicate the actual grade. 

Thank you for your cooperation in this matter. 

Sincerely yours, 
; JOHN H. WILLIAMS, 
Director, Division of Research. 


1 Following letter contains grade data. 
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APPENDIX 13 


CORRESPONDENCE ON STANFORD UNIVERSITY SITE FEASIBILITY STUDY 
CONGRESS OF THE UNITED STATES, 
JOINT COMMITTEE ON ATOMIC ENERGY, 
Washington, D.C., July 28, 1959. 
Gen. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


DeAR GENERAL LUEDECKE: In accordance with Mr. Price’s request during the 
recent Stanford accelerator hearings we have received a report from Dr. Ginzton 
of Stanford on the feasibility of the site proposed for the accelerator. 

We understand the Commission has also received a copy of this report which 
is entitled “Site Feasibility of Stanford’s Proposed 2-Mile Linear Electron Accel- 
erator,” by Frank W. Atchley and Robert O. Dobbs, Stanford University, dated 
July 1959. 

We would appreciate receiving the Commission’s comments on this report. 
In particular we would appreciate receiving information on allowances included 
in the Commission’s cost estimate for tunnel construction in the event adverse 
conditions are found in the region proposed for the construction of the tunnels. 

We are planning to include the site report submitted by Dr. Ginzton in the 
record of the Stanford accelerator hearings. We would also like to include any 
comments the Commission has on the report in the record. Therefore, we would 
appreciate a prompt reply. 

Sincerely yours, 
JAMES T. Ramey, Ezvecutive Director. 


U.S. ATomic ENERGY COMMISSION, 
Washington, D.C., August 10, 1959. 


Mr. JAMES I. RAMEY, 
Ezrecutive Director, Joint Committee on Atomic Energy, Congress of the United 


States. 


DEAR Mr. RAMEY: This is in reply to your letter of July 28, 1959, requesting 
the Commission’s comments on the Atchley and Dobbs report on “Site Feasibility 
of Stanford’s Proposed 2-Mile Linear Electron Accelerator.” 

We are in general agreement with the conclusions of the Atchley and Dobbs 
report and their considered opinion that the. proposed site for the Stanford 
accelerator is a feasible location. 

The Commission currrently has a research contract with Stanford University, 
which has been modified to provide approximately $90,000 for core drillings 
and test borings to be made of the proposed site as soon as possible. The 
resultant information will firm up the exact alinement of the two tunnels and 
provide additional information that will assist in refining the present tunnel 
cost estimates. In this connection, the following comparitive tunnel cost 
estimates of Stamford, Brobeck, and the Atomic Energy Commission indicate 
that Commission engineers reflected a small increase over the Brobeck estimates 
and a substantial increase over th eStanford estimates : 


Tunnel cost detail 
[In thousands] 


Stanford Brobeck 





Klystron tunnel. - -- 


Accelerator tunnel 

Cross drifts and tubes._._. 
Vents and escape hatches 
Switchyard tunnel work 
Vaults and alcoves 

Tunnel lighting 


$8, 863 
3, 190 
926 
467 
522 

1, 522 
Hl 


15, 831 





648 STANFORD LINEAR ELECTRON ACCELERATOR 


The Brobeck and Commission estimates were based on existing geological 
information outlined on page II-7 of the Brobeck analysis. No amount is in- 
cluded in the tunnel estimates for unusually adverse conditions since actual 
tunnel construction in the immediate area (Hetch Hetchy Aqueduct) indicates 
no unusual conditions are to be expected. The project contingency of 15 percent 
($13,400,000) is included to take care of any unusual conditions encountered in 
the tunnel construction or elsewhere in the project should it be required. 

Sincerely yours, 


——_—_ ——_—_., General Manager. 


APPENDIX 14 
CORRESPONDENCE ON PATENTS AND ROYALTIES 


Aveust 5, 1959. 
Gen. A. R. LUEDECKE, 
General Manager, U.S. Atomic Energy Commission, 
Washington, D.C. 


Dear GENERAL LUEDECKE: We would like to receive information on the subject 
of patents relative to the proposed Stanford linear electron accelerator project, 
Specifically we would like to know what significant items proposed to be used 
in the accelerator are patented, who holds the patents, and what the Government’s 
liability may be relative to fees or royalty payments for the use of such patents 
or patented devices. For example, we would like to know the patent situation 
with respect to the klystron tubes. 

We would also appreciate information on what kind of patent article will be 
used in the contract for the development and operation of the linear acelerator, 
including the handling of background patents, if any. 

Sincerely yours, 
JAMES T. RAMEY, Evecutive Director. 


U.S. Aromic ENERGY COMMISSION, 
Washington, D.C., August 19, 1959. 
Mr. JAMES T. RAMEY, 
Executive Director, Joint Committee on Atomic Energy, 
Congress of the United States. 


Dear Mr. Ramey: Your letter of August 5, 1959, inquiring as to certain patent 
aspects of the Stanford linear accelerator proposal, is acknowledged. 

It is believed that you will appreciate that the technical aspects of the accel- 
erator are only in the formative stage and that it may be several years before 
detailed decisions will be made as to its design or the components to be incorpo 
rated therein. 

During the past several years there have been a number of items conceived 
during the course of developments under the Stanford atomic energy basic re 
search contract At-04-3-21 which, if proven in future research, might constitute 
important components to be incorporated in the accelerator. The Commission, 
by virtue of the patent provisions of said contract, would acquire the rights in 
any such developments that have been made in the course of said contract. 
There may be some items developed under a Navy research contract with Stan- 
ford as to which the Government would acquire a governmental license. There 
may also be other items privately developed and owned which may be incorporated 
in the linear accelerator. However, it is not believed possible to identify any 
specific items at present, since, as noted no final determination as to the partic 
ular components to be employed has been made. 

At present, one significant item proposed for use, that is covered by privately 
owned patents, is the klystron tube. It is to be appreciated that there may be 
other components that will be selected for inclusion that would be the subject 
of privately owned patents. 

It is understood that the basic developments in the klystron were made by 
Stanford investigators prior to any Government-sponsored work and that a con- 
siderable number of patents have been secured by Stanford and Sperry Gyro 
scope Co. (now a division of Sperry-Rand Corp.) on such component. Certain 
work at Stanford, starting sometime in 1938, was sponsored by Sperry. Sperry 
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and Stanford in March 1946 negotiated an agreement, nullifying an earlier 1938 

















































































































































































































































1 agreement, under which Sperry acquired the exclusive administration of the 

- licensing of the klystron patents. Sperry has granted licenses to make and sell 

1 klystrons at 3 percent royalties. Stanford’s share of royalties was 1% percent 

s on all Klystrons until January 1, 1956. After extensive negotiations, the Defense 

t Department entered into an agreement on January 1, 1956, with Sperry, Stan- 

n ford, and Raytheon, under which, in addition to settling for $276,441 for past 
Government infringement, Sperry and Stanford agreed that future royalties on 
klystrons for Government end use would be at the rate of 2% percent. There- 
fore. should kKlystrons be employed, and in the absence of any other arrangement, 
the Atomic Energy Commission may very well be obligated to pay Sperry 
licensees the 2% percent royalty on klystrons. 

President Sterling of Stanford has advised Chairman McCone that Stanford 
would, if necessary, consider waiving its share of the klystron tube royalties for 
those tubes purchased by Stanford under the proposed contract. It is under- 
stood that 50 percent of all royalties is retained by Sperry and that of the 50 
percent royalties coming to Stanford its share is 45 percent, the balance being 
distributed in designated portions to the Hansen estate and the Varian brothers, 
as individuals. 

No specific contract negotiations have been undertaken with Stanford as to the 
patent provisions to be incorporated in the contract. The Commission will 

act expect to employ the same type of provision in the development and operation 
ct. contract as has been employed in other research, development, and operating 
ed contracts, namely a type A patent article. The type A patent article has been 
8 incorporated in other research and development contracts with Stanford. It is 
nts anticipated that the Commission will hold Stanford harmless as respects re- 
08 search, development, and operation, the same as other contract operators of 
Commission installations, subject to such contract operators securing patent 
be indemnity in favor of the Government as respects standard parts and compo- 
aes nents purchased and employed in the contract work. If research and develop- 
ment is to be conducted on specific components that are the subject of Stanford 
: patents or patent applications, the Commission will employ background license 
' provisions covering such items or components to the extent that Stanford can 
grant the same without payment of royalties. It is recognized that if it is neces- 
sary to conduct research and development on the klystron tube, that it may not 
be possible to secure more than a waiver from Stanford of its share of royalties 
9. under existing Stanford agreements. 
I ttrust that the foregoing information is a satisfactory response to your 
inquiry. 
Sincerely yours, 
A. R. LUEDECKE, General Manager. 

tent 
ecel- Aveust 19, 1959. 
fore Gen. A. R. LUEDEC =, 
Ir po- General Manager, U.S. Atomic Energ Commission, 
: Washington, D.C. 
e DEAR GENERAL LUEDECKE : The receipt of your August 19, 1959, letter on the 
itute subject of patents relative to the proposed Stanford linear accelerator is 
sion, acknowledged. 
ts in We would appreciate receiving estimates of annual royalty costs for klystron 
ract. tubes for the proposed machine based on the royalty percentages given in your 
Stan- | etter. Please supply estimates on the assumption that Stanford waives its 
“here share of the roy alties and on the basis that Stanford does not waive its share. 
rated Also please indicate the estimated cost per tube and estimated tube life upon 
- any Which the royalty estimates are based. 
artic- Sincerely yours, ; , 

JAMES T. RaMeEy, Executive Director. 
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